LOAN DOCUMENT

PHOTOGRAPH THIS SHEET

DTIC ACCESSION NUMBER

©

INVENTORY

w_%mw < \H\QRM oA -

DOCUMENT IDENTIFICATION
| o AL
DISTRIBUTION STATEMENT A
Apprpved for Public Release
Distribution Unlimited
/ DISTRIBUTION STATEMENT

i ~

NTIS GRARI

omic ™ac u]

'UNANNOUNCER a

JUSTIFICATION
| DisTRiBUTION’
AVAILABILITY CODES
[ DISTRIBUTION  [AVAILABILITY AND/OR SPECIAL

\ DATE ACCESSIONED
DISTRIBUTION STAMP
DATE RETURNED
DATE RECEIVED IN DTIC REGISTERED OR CERTIFIED NUMBER
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-FDAC .
‘DTIC Jora 20A DOCUMENT PROCESSING SHEET W
LOAN DOCUMENT

e

ERPrQ ERA~3 EHCOZP D




"\

' N NN N NN BN AN BN BN B BN By A S U A SN Y ..

Ellsworth AFB, Operable Unit 11

Vacuum-Enhanced
Two-Phase Extraction (TPE)
Pilot-Scale Test Werk Plan

FINAL

Prepared for:

U.S. Army Corps of Engineers
Omaha District

; AQMor-o0r- 03/5




: AFCEE ) @003
11715400 / 09:28 FAX o DI IC-0C R 703 767 9244  P.02,52

DEFENSE TECHNICAL INFORMATION CENTER -
. REQUEST FOR SCIENTIFIC AND TECHNICAL REPORTS

e AFCzc Collear: on

1. Report Availability (Please check ane box) 23, Number of 2b. Forwarding Date

!X This report is available, Complete sections 2a - 2r, Copies Forwarded

{3 This report is not available. Complete section 3. ‘ % /
P [ eacl Wiy rell
2c, Distribution Statement (Presse chack ONE box) J d If

DaD Directive 5230,24, "Distribution Statements on Technical Documents,” 18 Mar 87, contains seven distribution scatémens. as
described briefly below. Technical documents MUST be assigned a distribution statement.

ﬂ DISTRIBUTION STATEMENT A: Approved for public release. Distribution is unlimited.
O DISTRIBUTION STATEMENT B: Distribution authorized to U.S. Government Agencies only.

U DISTRIBUTION STATEMENT C: Distribution authorized to U.S, Government Agencies and their
contractors.,

O DISTRIBUTION STATEMENT D: Distribution authorized to U.S, Department of Defense (DoD) and U.S
DoD contractors only.

O DISTRIBUTION STATEMENT E: Distribution authorized to U.S. Department of Defense (DoD)
components only,

L DISTRIBUTION STATEMENT F: Further dissemination only as directed by the controlling DoD offics
indicated below or by higher authority.

O DISTRIBUTION STATEMENT X: Distribution authorized to U.S. Government agencies and private
individuals or enterprises eligible ta obtain export-controlled technical data in accordance with DoD
Directive 5230.25, Withholding of Unclassified Technical Data from Public Disclosure, 6 Nov 84,

- 2d. Reason For the Above Distribution Statement (in accordance with DoD Directive 5230.24)

2e. Controlling Office 2f. Date of Distribution Statement
Determination

i H@@rrj(ﬁg | IS WNov Roee

- [
" (3. This report Is NOT forwarded for the following reasons. (Please check appropriate box)
O It was previously forwarded to DYICon ... w (date) and the AD numberis .. - s
0 1t will be published at a later date. Enter approximate date if known.
(m} Ln accordance with the provisions of DoD Directive 3200,12, the requested dacument is not supplied
ecause:

: —
Print or Type Name o Signature O

_Léi-(/([aﬂ« 20p” : 7%@//& S P p7 s
Telephone Z {For UTIC Use OALj

}70,53&,_ /4/5/ AQNumber/yE:__ _ 22 ,—Z_ |

TOTAL P.B2




- OGNS TN A EE N N B I G NN S B EE oG oy BN B e

10389 Old Placerville Road
Sacramento, CA 95827
(916)362-5332
FAX # (916)362-231

07 May 1996 1916) 8

U.S. Army Corps of Engineers, Omaha District
ATTN: CEMRO-ED-EB (Robert Zaruba)

215 North 17th Street

Omaha, Nebraska 68102-4978

SUBJECT: Contract No. DACA45-93-D-0027, Delivery Order No. 27, Mod No. 4
Final Vacuum-Enhanced Two-Phase Extraction Pilot Scale Test Work Plan,
Operable Unit 11, Ellsworth AFB, South Dakota

Dear Mr. Zaruba:

Enclosed you will find two copies of the final Vacuum-Enhanced Two-Phase Extraction Pilot
Scale Test Work Plan for Operable Unit 11, Ellsworth AFB, South Dakota. If you have any

questions or comments, please contact me at (916) 857-7281, or call James Machin at
(512) 419-5280.

F CIS E. SLAVICH, PE
Project Manager

Sincerely,

c: Margaret Calvert, ACC/ESVW (2)
Dell Peterson, Ellsworth AFB (5)
Peter Ismert, U.S. EPA (1)

Ron Holm, SDDENR (1)
Paul Dappen (1)

Gary Dyke, Radian (1)
James Machin, Radian (2)
Bill BuChans, Radian (1)
Suzanne Sellers, Radian (1)
John Yackiw, Radian (1)
File (2)




I 96/4/5  D0Q1aL-LNWO\eUINedNyuMmS||e\eoaeId\:0
‘Burroq yoea 103 peonpoid aq [[Im
s80[ Surj[LIp swnsse | { PaIsjuNoOdUs 1 Jiun pues-Ae[o ou J1
QUOp 9q 03 ST JBYA (9580 9} aq SABM]. 199 07 [[IM JO seqoxd
Jodea a1} Jo yydop [enyoe ay) Se POUTULISIAP PISY 9q SIY} [[IM
"paonpoid 9q Jiim sSof Surpuig ‘[eLrajewr pues-AB[o oY) u1 39s aq J[im saqoid Jodea oy jep
*aq 03 sxeadde Quoz 9sopea sy} Jo 9seq Yy a1ayMm | 110da1 oY) Jo uonIod 1xo) Sy} UL PaYRIS SBM I M (] JO SWN[OA
SI 3y} 95NBOSq AJUO JXS) Y} UI PAJOU ST J1un pues paonpal pue SuljjLp Jo 9se9 10} JULI0q JjoWeIp JO[[eWs
Kake[o o ‘ouoz asopea oy Jo ydap [y ay) e 398 ® IopIsuo)) ;3qoid Jodea 1ajowelp yous-| e J0j pannbal
9q [[4 pue paururajep pialy o [[im seqold Jodea | Ajjear 9[0ya10q IOJOWEIP YOUL H[-Z] © S] /PoSn 9q [[IM UI3I0S
Joyda ur 8-9 03 paSueyd usaq sey 9qoxd Jodea | o adA) Jeym pUR U2AIOS BY) UO OZIS JO[S Ay ST JRI A, "USDIOS
9[3uIs © I0J IoJoWIRIp S0Y2I0q 2], "POYIO[S PO a1y Jo yi3usj oy 03 SurIojIUOW JO 9U0Z [enjoe oY) dooy
3q |]1a saqoid 1odea ayy, "Suimep oy 0) pappe aq 03 Se wnwiurw e 03 3doy aq pnoys suy) Sweas 3] ¢oq yoed
[1t# sy isaqoxd Jodea oY) uo UodIOs 3y 9A0qe )Y | IANI OZ/0T 2y} [11m oqoxd Jodea 2y} UO USSIOS Y} FAOQE Te]
§'0 2q [1ia oed 1oy oy, “Suimelp sy uo 0100 | oy :seqoid xodea oy 03 0adsar Y ;9q 01 Sutod Sutuado
Se POJOUu Ua3q SeY 9ZIS JO[S °[eNUSSSI JOU ST 31 Inq 9ZIS O[S 9y} SI Jey A\ ¢ (peSiowqns £[[e10) ‘o[qe) Jojem .
‘alqes Jojem oY) S[PpPeIS [[IM SIY) Jey) pajoadxo st ay) Surjppens) uone[[eisul SuLnp 5[qe) Isjem oy} 0} 10adsal
11 {WON0q S} UO 3[eYS 2Y) OJUI Jas 3q [JIM pue pasn )M 39S 9q Su2219s 2y} [[im mOH j(deim snonunuod Suisn
q [[1m IZUS] U2aI0s J00J-ua], ‘deim snonunuod | 1se83ns 1) s1ejewozard pue [jom UONORIIXS BY) J0f PIZI[IIN 9q
108 01 110339 e oxew [[im oM Inq ‘ueld yiom oy | 03 BuroS sussios panols 10 deim SNONUKUOD AJE :UONONISUOD [°q1en
Ul PAJOU SI PUB PSISOD SEM USIIOS PIJIO[S-AI0108,] I91owozald pue [jom uoIoenX2 oY) 03 30adsar Y NOIN - 281y €
s1oyowozord
oy u1 sawm asuodsax pue 1aynbe oy} 0] parosUUOD 19]Inq pig
‘uepd yiom A1syenbope ore s1ejeutozeard oy jey) Jqnop ou oq [[IM dIaY) [°q1en 9s1] 39[Inq
[BULJ 9 03 PSPpE 2q [[IM JuSwdO[oASp 19}ow0Zaly | eyl Jua)xe ay) 03 pado[aaap aq os[e pinoys siejewozord oy, YOIN puz ‘1-¢ Ty 4
"MEIIS pUE 210q {SuUOnIpU0d
1om a3y ur moyy saseyd-g Jo A110019A ySiy owenxs JeJIWIs I9pUn urtel) JUSWIEST} PUB USDI0S [[oM Y} JO
Y Jo esnedsq Aqrewnnrd ‘swa)sAs aseyd-z yim | uoneisnour pue Surnojorq a[qissod Jnoqe soNIeIoUIS SWos 1°q190
ura[qoid e usaq jou oaey Surress pue Juinojorg ajess 01 pasodouid st jey) 2d4£) sty 03 Je[IuIIs WIAYSAS € SeY 1-C 0 1

asuodsay

< i e a

juswwio)

1omainay | Udesbeled
/abed

uonass

JaquinN
juswwo)

9661 7IHdV 41vad V.10MVA HLNOS ‘G4V HLHOMST13 ‘NV1d
MHOM LS31 3TVOS-LOTId (3d.L) NOLLOVHLIXT ISYHI-OML A3ONVHNI-WNNOVA 14vHA SHL NO SINIWWOD OL SISNOdSIH

lE S Sy R N I N S W B R A A W R e e ..



96/L/S  00Q18L-LWOTVYNIJIHQ\ISVYHA-2\'O

4
"SIY) JOS[J21 03 Pappe u2dq yoayoey]
dARY $9[qe} pue saInS1y mau pue papuedxe usaq aney
aary 1x9) 9y) Jo suonoas ajendoxdde ayy, Ho-0g “Jnoy3noIy) uonoalIos Sy} ONEN | /equrez
pue 1e3uel] SpLiJ I8 PAIONPUOD aq [[IM SIS9) OM ], “1eSuey opiid LON #0904 It Pa3onpuod aq [[1m 153} pIo1] 11090y [LAELIETS) 1
"pajeuIwielu0o9p Aojenbape
SIyue) oy Jeys ansur ‘oFed SIy} uo J9f[nq PIIY) SY) | SSNYNOANS
"PAPPE 3q [[IM UOHEBUIWEIUOOSD JUB) UO 9)0U W | Ul paulyop se ‘uIg1Io it 03 yue) 98e10)s oY) Sutuiniar oy ol | “H poL 9y (V4 T
"paxinbai A[jeuwriou St Yorym 91eoIpul
pue (*032 ‘oqo[ Arejo1 ‘3urx pinbiy) suonesidde Jamoiq reord4
"0"¢ Uonag ut pajou s1 2dA} Jomorg ssaippe os]y ‘ad£} [10s 03 wnnoea parjdde jo diysuonepas
"0 UOR2g Ul pajou s1 winnoea parddy 0z ays pue ‘parjdde A[jewou WNNoeA Wnwixew pue [es1d£)
uonoog 031 pappe 24 [[1M idep paisa) wnwixew ‘o1qearidde st £3o10uyo0) o1 Yorym 0 yidop wnwirxew
uo sj0u vy 1oday] uonenjeay A3ojouyoa], Se yons swayl ssa1ppy *A30[0u1[od) S} JO SUOTIEINUI] S O) | SSNIYoANS
U3 UT PIsSNOSIp 9q [[1s4 suonew| AS0[ouyos], | SANR[SI UOHDAS SIY) UIYIIM uoneuLIoful Jesuswajddns opIAol] "H pPaL [eIsuan) I
‘paurroyrad y1om [°qren
"0°L UOI3S 01 pappe aq [fim [esodsIp gdd | 9yi woly pajerauad gJd U3 Yim 2U0p 9q 0] SI JeyMm aqLISa(] YOIN [exouUan) oL 9
“JX3} 943 UT P2J0U 9q [[IM INQ “O[qIXS[J JBYMOWOS
ST 9[NPaYOs JUSWINSESW P[aL] *([euly S Ul ‘|nydjay oq pjnom uaye; aq 03 Sui08 [°qren
#-6) €-G 9Iqe], uo usmoys s1 spnpayds Surdwes sy, SIe SJUSWINSLaW P[a1y pue sa[dwes uaym uo [1e1ap SI0N YOIN [e1ouan) ey S
‘podax
"1X3} 9U3 0} pappe aq | 3y} UI SIY) 0] [1eJap I0UI 9AIS 9589 (POYIoW , 3181 JUBSUOD,, [2qeD
[11A STYT, *51BI JUBISUOD E & UNI 9q [[IM 153] Yors e ur Jo poyewr , doys,, e ur uniaq o3 Surod 1593 oY) S| NOIN [erauan) 'y 4
asuodsay juswwo) samajaay | udelbered | yopoag | 49quInN
: Jebed juswiwo)d

(PenunuoD) 9661 TIHdY IALVA V.LOMVA HLNOS ‘d4V HLHOMST13 ‘NV1d )
HHOM 1S31 3TvIS-107TId (3d1) NOLLOVHLIXI ISYHA-OML GZONVHNI-WNNOVA 14vHA JHL NO SINIWWOD OL SISNOJSIH

IS Iy wm Ay I IE WS B Iy EE U S S WS 2 ay Em e ..




ELLSWORTH AFB OPERABLE UNIT 11
VACUUM-ENHANCED TWO-PHASE EXTRACTION
PILOT-SCALE TEST WORK PLAN

at

Ellsworth Air Force Base
South Dakota

FINAL

Prepared for:
U.S. Army Corps of Engineers
Omaha District

215 North 17th Street
Omaha, Nebraska 68102

Prepared by:

Radian Corporation

G 054422
10389 Old Placerville Road E’:: 12]3(38
Sacramento, CA 95827 ¥

May 1996




TABLE OF CONTENTS

Page

1.0 INTRODUCTION. 1-1
20 TECHNOLOGY DESCRIPTION 2-1
3.0  PILOT TEST APPARATUS AND SITE DESCRIPTION ........ 31
3.1  Pilot Test APparatus.........cccecevverererererercnereneennn. ettt nes 3-1

3.2 Pride Hangar PIUME .........cccoviiuemnincmeiniieeiie et e 3-1

3.3 BG-04 PIUINE ..ottt ee e e ee e et 3-6

40 TESTING PROCEDURES 4-1
4.1 Well/Piezometer InStallation ...........c.evevecuereirieececeeeeeneeee e 4-1

4.1.1  Pride HanGaT.....c.cooviiiieeeceeeee et 4-1

4.1.2 BG-04 ATCA c.eveeiiieeeteieee ettt s e e e 4-1

4.2 Equipment Mobilization and Test SEtup..........c.evuververeeeeeeeereeeseeeeoooooooo 4-8

4.3 Performance Of TESt.......ccceeririririeeerererereteteeeteteeeeeeeeeeeeeeee oo e 4-8

4.4  System Shutdown and Equipment Demobilization............eoevuvevvvvevooonnni 4-9

5.0 SAMPLING AND ANALYTICAL PLAN.. 5-1
5.1  Field MEASUIBIMNENLS «...covevvuerereteieteeeteaeeeeeeicctsteseseee e s eeeees s sese s 5-1

5.2 Operating CONdItions .........c.cuiueieceemreeernerniciennienieeee et seesesees e s s 5-1

5.3 SAMPUNG ...ttt ettt 5-1

6.0 REPORTING 6-1
7.0  RESIDUALS MANAGEMENT 7-1
8.0 SITE SAFETY AND HEALTH PLAN (SSHP) 8-1
8.1  Project Organization and Health and Safety Responsibilities.............oevveee..... 8-1

8.1.1  Project MaNAEET ......cceveueveueuerereiereieeeeeee et es e es e 8-1

8.1.2 On-Site Engineer/Safety OffiCer ........covuvieeererereeeeeeeeeeeeeeoeeeoeeeeen 8-1

8.1.3 Field Team MEemDETS .....c.cccouermmmiereriieeceec e, 8-1

8.1.4 Project Health and Safety Officer........c.ccovuiriivieiieiccereeeeeee e, 8-2

8.2 Hazard ANALYSIS ....c.cocovereriririririeieieitieeeee et se e e s 8-2

8.2.1  General SAfELY .......c.ceriruiieieeeieeetee et 8-2

8.2.2 Mechanical Hazards ........cccoeccveinieeemieeeeiceeerceeeeeeseseeee e 8-2

8.2.3 Electrical Hazards ..:.......occceeirueirerineereeeeeretcccteeee e es e 8-2

8.2.4 Slips, Trips, and Fall Hazards ........cccccoueueueiieececiieeiceeee e, 8-2

8.2.5 Fire Hazard.......cccooorernirniieeeeteeeerce et eve e 8-2

8.2.6 Gas and POWEr LiNeS......cccoererueuimrmnreritiieeeeeeteee e 8-3

8.2.7 Heavy EQUIPIENt......ccoiiveiriiiriririereieerereeieteeeeeer oot eseesese e 8-3

B.2.8  NOISE....evreuiriiieniiecnteetrtete ettt ettt enese e e e s e e s e e e e e e e 8-3

8.2.9  Heat SHIESS...ccuiuiriiiiiiirieicenirteereee ettt e et e 8-3

8.2.10 Chemical Hazards ..........coccereeninrnreiercecc e, 8-4

ELLSWORT.DOC ii May 1996




LIST OF FIGURES

Page
1-1 Ellsworth AFB LOCAtion Map .........c.cvueceueemernniinesieseeecoeeoeeeeeseses s eees oo oeeoeoeeoeo s 1-2
2-1 2-PHASE Wellhead Assembly and Extraction Well.............oo.eveveoveveooreeoooooooeooooooooo 2-2
3-1 2-PHASE Extraction Apparatus SCheMAatC .........vuveecveiuceereeeeeeeeesseeeses oo 3-2
3-2 TSt LOCALION .....cvotti ettt sttt e e e s eeee e 3-3
3-3 Pride Hangar TCE Plume Map, South DOCKS AT€a ............eveveeeeeeeeeeseeseseoeeooooeooooeoeoeooooo 3-5
3-4 TCE Plume Map, BG-04 ATEA .........cccuimreeneieesieceeeseeteceeeee e es e eoeeees oo 3-7

4-1 Extraction Well, Vapor Probe, and Groundwater Piezometer Construction Detail
(Pride HANGAL) .....ooieietiicectset sttt s e e s e e eees s 4-2
4-2a  Pride HanGar Site PIaN ..........c.couueeeueeeneermiinnsesesereenetiesesesseseseesessssees e 4-3
4-2b  Pride Hangar Site CroSS SECHOMN ... vuervenrrurivuseseesesesesesseeseseeesseesses s s oo ooeseeoeseeeseee 4-4
4-3 Extraction Well and Piezometer Construction Detail (BG-04)........coveevmveveeeeooeooeoooooooooooo 4-5
4-48  BG-04 Site PIaN........couierrecireceeeeneiecteets e ee s eseees e s e s oo eoeeeeeoeeeeeee 4-6
4-4b  BG-04 Site CrOSS SECHOMN......uucuerererrreresctsiensaestssssaseeessseseeeeseseesessess e eos e oo eeeseesssee 4-7
8-1 Map to Local City HOSPItal........c..c.eureueueereenrinninntesientece e eeeeeseese e e 8-11

LIST OF TABLES

Page
3-1 Groundwater Sampling Results, MW941103 (15 August 1994) e 3-4
5-1 Field Measurements Data Sheet (Pride HANGAT) ............oueveeeevemeeeereeeeeeeoeeoeoooeooeooeoooo 5-2
5-2 Field Measurements Data Sheet (BG-04)............coouemoreeeeeeeeeseeeeeseeeeeoeeeoeeoeeeoeeoeoeeeeoeeoen 5-3
53 2-PHASE System Operating Conditions Data Sheet ...............ooevevueveoeoeeeeooooeoeooooo 54
5-4 Analytical Sampling Field Data SHEet ........evuuevueuuireereeceeeeceeeeeeeeeeeeeesee oo 5-5
8-1 Ellsworth AFB Potential Chemical Hazards ..............c.ooueueevecereeeeseeeseeeeeeeooeeooooooon 8-5
8-2  Hydrocarbon ReSpOnSe CIIEIIA ........cc.ueeurerrrerererererssseeseeeeseeseesesesessesseeses s 8-6
8-3 Emergency Phone NUMDETS ..........c.coueuiimiieieteeeiieiececect et 8-9
9-1 Ellsworth OU 11 2-PHASE Extraction Pilot Test Schedule.............ovvveveemvveomooeooo 9-2
ELLSWORT.DOC iv May 1996




LIST OF ACRONYMS
ACC Air Combat Command
AFB Air Force Base
CFR Code of Federal Regulations
DCE Dichloroethylene
EPA U.S. Environmental Protection Agency
EZ Exclusion Zone
GAC Granular Activated Carbon
HQ Headquarters
PPE Personal Protective Equipment
OSHA Occupational Safety and Health Administration
0]8] Operable Unit
PREECA Presumptive Remedy Engineering Evaluation/Cost Analysis
QAPP Quality Assurance Project Plan
QA Quality Assurance
QC Quality Control
RI Remedial Investigation
SDDENR South Dakota Department of Environment and Natural Resources
SSHP Site Safety and Health Plan
SvocC Semivolatile Organic Compound
TCE Trichloroethylene
v Volt
vVOC Volatile Organic Compound
WWTP Wastewater Treatment Plant
ELLSWORT.DOC v

May 1996




1.0 INTRODUCTION

This work plan describes a two-week, pilot-
scale treatability study to be performed at
Ellsworth Air Force Base (AFB), South Dakota,
Operable Unit 11 (OU-11). The location of
Ellsworth AFB is shown in Figure 1-1.

The purpose of the study is to gather data to
support a presumptive remedy for low to
moderate permeability water table aquifers
contaminated with volatile organic compounds
(VOCs). This will be included in the
Presumptive Remedy Engineering Evaluation/
Cost Analysis (PREECA) initiative being
developed for Headquarters Air Combat
Command (HQ ACC). Vacuum-enhanced two-
phase extraction is the remedy of choice. This is
defined as the simultaneous extraction of
groundwater and soil gas from the same well
with the application of a vacuum to the well. For
this test, one version of this technology, known
as the Xerox 2-PHASE" Extraction (2-PHASE),
will be used.

This pilot study will provide site-specific
contaminant removal data and subsurface
response data to be applied toward the
evaluation of vacuum-enhanced two-phase
extraction as a presumptive remedy technology.
The primary objectives of this short-term, pilot-
scale test are to demonstrate the contaminant
removal effectiveness of 2-PHASE at removing
contaminants at this site, facilitate the
engineering evaluation and cost analysis of
2-PHASE, and evaluate the feasibility of
2-PHASE as a presumptive remedy.

This work plan is a supplement to the Quality
Assurance Project Plan (QAPP) for the remedial
investigation at Ellsworth AFB. This document
and all activities associated with this pilot test
will be performed in accordance with the QAPP.

OU-11 is the basewide groundwater operable
unit for Ellsworth AFB. The data collected from
previous investigations in OU-11 have been
used to characterize the subsurface features and
the nature and relative extent of contamination
at the site. Groundwater contamination has been
identified in several locations. This pilot study
will consist of two 7-day tests that focus on two

separate plumes in OU-11. One plume is near
Bldg. 7504 (Pride Hangar) within the South
Docks Area. The other is in the vicinity of well
BG-04 in the northeast part of the Base and
extending east of the Base boundary. The
primary groundwater contaminant of interest is
trichloroethylene (TCE). In addition, total
petroleum hydrocarbons (TPH) as purgeable JP-
4 (Pride Hangar only) and 1,2-dichloroethylene
(DCE) were identified in groundwater beneath
these areas. The subsurface deposits have low
permeability and consist of clay; clayey silt,
sand, and gravel; and weathered and fractured
shale (EA, 1995).

In an effort to identify feasible extraction and
treatment alternatives for the PREECA project,
HQ ACC, the U.S. Army Corps of Engineers
(Omaha District), and Ellsworth AFB would
like to demonstrate the effectiveness of
2-PHASE extraction for removing contaminants
from the subsurface.

The 2-PHASE technology has been shown to be
a highly effective technology for extracting
volatile organic compounds (VOCs) from low to
moderate permeability soils similar to those
found at this site. 2-PHASE simultaneously
extracts contaminants from groundwater and
soil using a high vacuum. As a result of the
turbulence and low absolute pressure created by
the applied vacuum, VOCs present in extracted
groundwater volatilize (strip) and combine with
the vapor phase VOCs extracted from the soil.
The extracted mixture of air and entrained water
enters a separator on the surface where the
liquid and vapor phases are separated, treated,
and discharged.

The evaluation of the 2-PHASE technology will
be based on a review of analytical data and field
measurements collected prior to, during, and
after the test. Groundwater and soil gas
contaminant concentrations will be measured in -
samples collected from the extraction well prior
to and after the test. Liquid and vapor _
contaminant concentrations will be measured in
the liquid and vapor extracted from the
subsurface at various times throughout the test.
Field measurements include liquid and vapor
flow rates, groundwater drawdown, and the
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extent and magnitude of vacuum influence;
Operational data for the 2-PHASE equipment

will also be recorded for the duration of the test.

These data will be used to refine the subsurface .

conceptual model for 2-PHASE and provide
detailed information for the evaluation of this
remedial technology as a presumptive remedy.

In addition to fulfilling the objectives above,
collected analytical data will also provide
information needed to support the selection of a
remedial technology for these sites. All data
collected during the test is intended to be used
to select and design a full-scale extraction and
treatment system for the sites.
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2.0 TECHNOLOGY DESCRIPTION

The 2-PHASE process was developed for the
remediation of VOCs and other contaminants in
low to moderate permeability subsurface porous
deposits. The process is a modification of
conventional vacuum extraction employing a
high-vacuum pump and a small-diameter suction
pipe (straw) installed into a larger diameter
extraction well. The lower end of the straw is
set at the desired groundwater drawdown depth,
usually within inches of the total well depth, and
the wellhead is sealed. High vacuum
(approximately 18 to 26 in. of mercury) is
applied to the straw, causing vapor in the well to
be drawn into the pipe at a high velocity. Liquid
(groundwater and contaminants) present in the
well bore is aspirated into small droplets by the
high velocity flow and becomes entrained in the
vapor. The vapor consists of soil vapor drawn in
from the surrounding formation and, during
startup, air introduced at the wellhead
(aspiration air) to enhance liquid entrainment.
The technology has been successfully tested at
depths exceeding 150 feet, but has been shown
to be most effective at depths of less than 50
feet. Figure 2-1 shows a diagram of the
2-PHASE well to be used for the test.

Vapor and entrained liquid from the extraction
well are conveyed under vacuum up the straw
and through a hose toward the vacuum source.
The extreme turbulence in the formation, straw,
and hose facilitates transfer of volatile
compounds from the liquid phase to the vapor
phase. The contaminant transfer process
employs many of the same principles used in
conventional air strippers. The applied vacuum,
or low absolute pressure in the system, enhances
contaminant transfer by increasing the
volatilization of contaminants. The hose is
connected to a separation vessel installed
immediately upstream of the vacuum pump. The
vessel separates the entrained liquid from the
vapor so that each phase can be treated and
discharged separately.

2-PHASE removes liquid, vapor, and adsorbed
contaminants from soil at a high rate and
subjects a large soil volume to treatment, which

can substantially reduce the overall time needed
for site remediation. The vacuum applied to the
extraction well increases liquid flow to the well
lowers the water table, and evacuates liquid
from the area around the well. As the water
table is lowered, more of the soil formation is
exposed to vacuum, causing vapor flow to the
well to increase. Vapor, having a much lower
effective viscosity than water, is pulled through
the formation at a high rate. The vapor flow
volatilizes adsorbed and free-phase
contaminants and removes them in the vapor
phase.

’
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3.0 PILOT TEST APPARATUS AND
SITE DESCRIPTION

3.1 Pilot Test Apparatus

A schematic of the equipment to be used for the
pilot test is presented in Figure 3-1. It includes
the extraction well, wellhead assembly, mobile
2-PHASE vacuum system, liquid phase
activated carbon treatment, and liquid storage
tank.

The wellhead assembly will be fabricated in the
field similar to that shown in Figure 2-1. A
2-inch-diameter vacuum-rated flexible hose will
be attached to the wellhead to convey extracted
contaminants to the vacuum system.

A mobile 2-PHASE vacuum system owned by
Radian Corporation will be delivered to
Ellsworth AFB for use during the technology
demonstration. The trailer-mounted system
includes a liquid/vapor separator, liquid ring
vacuum pump, extracted liquid transfer pump,
seal fluid separator and reservoir, vapor
aftercooler, liquid flow totalizer, and vapor flow
rotometer. The system is semiautomated and
includes level sensors for all fluid vessels,
temperature and vacuum gages, and a fail safe
control system. It is powered by a single 240-V,
three-phase electrical connection. A diesel- or
gasoline-powered generator will be rented
locally and transported to the site to power the
system.

A liquid phase activated carbon drum will be
purchased for the treatment of extracted liquid.
After the test, the carbon will be characterized
and disposed. Since the carbon will contain
solvents, it will be managed as hazardous waste
and will be manifested by the Base. This will be
coordinated with the Base Hazardous Waste
Coordinator, Mr. Rich Parkinson.

The State of South Dakota Department of
Environment and Natural Resources (SDDENR)
will not require vapor treatment for the short
duration of the pilot test. The extracted vapor
will be discharged directly to the atmosphere. A
copy of the final report with calculations of the

total mass of VOCs emitted will be submitted to
SDDENR following the test.

A rented portable tank will be used to store
treated groundwater. The water will be sampled
and analyzed with expedited turnaround to
ensure adequate treatment prior to discharging.
Ricer Company, a local hauling contractor, will
be used to transport the treated water to the Base
wastewater treatment plant (WWTP) for
disposal as needed during the test and upon test
completion.

3.2 Pride Hanqar Plume

The area around monitoring well MW941103
located in the South Docks Area of OU-11 near
the southeast corer of Bldg. 7504 (Pride
Hangar) will be used for one of the tests (Figure
3-2). This area has been characterized by the
OU-11 Remedial Investigation (RI) conducted
by EA Engineering, Science, and Technology
(EA); site data collected during the RI was used
in preparation of the work plan (EA, 1995). An
analysis of groundwater from MW941103 is
presented in Table 3-1. The only organic
contaminants detected were VOCs; metals were
in a range consistent with acceptable
background concentrations. Very little
contamination was detected in the soil boring at
this location. Logs for existing wells in the area
are provided in Appendix A.

The primary contaminant of interest is TCE. A
TCE plume map of the entire South Docks Area
is presented in Figure 3-3. Groundwater flow in
the area is to the south-southeast. The lithology
of the site is clayey silt and sand underlain by
weathered and fractured shale (Pierre Shale) at
approx1mate1y 30 feet. Depth to the water table
is about 22 feet.

This site is appropriate for the demonstration for
the following reasons:

* The total depth of the wells in this area (20-

30 feet) is within the proven effective range
for 2-PHASE.

ELLSWORT.DOC 3-1

May 1996




O
[
¥3 "OIN3NVAOVS N
pumm——mmme——eeae ———————— ce—————— Cemecccccaance————————— e L LR R =
1 €3
NOIAWNOANOD [ “ g
NYiawva ! !
i i
< ! — i
= QN VIS ---meemememeeeeee H | H
R 1 i
5 ainon ! dWnd ainon H o0
YOdVA —--—--— ! 1 =
] / N e \ U P
©  ¥OdVA GNV QINDI1 ~o——o—— 1 b - ! ©
o 1 ] !
2 aN3OT ! 431009 P ! £
0 H aini4 1vas ' i 1 [+)]
o MNYL 3ID9YHOLS NOGYVO QILVAILOV | i 1 » " .m
ainoIT g31vaulL asvHd ainon | o H A
.. !
\l‘}ll’/ —
o ] “ s
i 1 =
1 - i -
1 g " m
! EISV7 V.
! 1votd (L 1V1SOWH3HL ! M.
T i
e o ! [ o s 0 B ' o
- 1 ‘e “ A
! H Tam c
§ NOILOVHLIX3 (e}
— ! HIOAU3STY e wous | | =
H ainis vas f O
T e L il s |9
i o — oo i £ |°
] “
i : L 1 B
i I N — !
) { - H
H m 13N 1 wl
' i annd \_ B
1 LNO-XD0NX ! anid vIs T~ ] ! <
[ ainon 1 \ “ I
| Auvanooas ! ~—o—o—{ ) | o,
1 ‘ LY g
B P 1 N
i \ — /_ TS !
] ; - .
JUIHASONLY Ol g ool _| — i -
FOUVHOSIG YOdVA H r 1 (3]
) 1
H e — - \ — —~— - — ! .nl.v
] .
) dnnd 1 =)
1NO-3OONN q
H HISNIANOD WNNJVA ainor i 2
i JUIONVHOXI LVAH o 1vavs o S~— ! i
1 1SIN 10 !
1
e eeeeae ~—————— ~===-—-—-=----W31SAS ISVHd OML IUGOW -=--~ meeee——e———— e ittty -

ELLSWORT.DOC




NORTH
INSTALLATION  BOUNDARY \\
— -
WEAPONS @
STORAGE
AREA
BG-04
g TEST AREA
g
3
AN
HOUSING
AREA
5
E
@
i
3
HOUSING Z
AREA
o T

LEMAY BLVD ‘1
ol T '
; HOUSING !
] AREA !
PRIDE HANGAR SPAATZ ST 3
TEST AREA e
5 z
z £ - I
< &|  wastEwaTER J
TREATMENT
T;\A\ \ D ) LT
T 1 e—
NG
EASEMENT ,\
\
MAIN
e SATE HOUSING
AREA
,"—""_"\ GOLF COURSE
L"-"—'-J . / INSTALLATON  BoU:
INSTALLATION . BouN o / P 10N UNDARY
INDUSTRIAL _l
GATE I
% | ,
< >
=} % b
“\‘\‘\ 2
2 N\
I .,
(o] s,
; —ed N\
3000’ o’ 3000
]
CorPoRATION P
SACRAMENTC, 4 Scale: 1” = 3000’
Figure 3-2. Test Location
ELLSWORT.DOC 33 May 1996




Table 3-1. Groundwater Sampling Results,

Parameter

Concentration, pg/L

MW941103 Pride Hangar Plume
(15 Aug. 1994)

MW941148 BG-0O4 Plume
(19 Jan. 1995)

Volatile Organic Compounds

1,2-Dichloroethylene

Chloroform
Methylene chloride
Trichloroethylene
JP-4, purgeable

Semivolatile Organic Compounds, Polynuclear Aromatic Hydrocarbons, Pesticides

None detected
Metals, Dissolved

Aluminum
Barium
Calcium
Magnesium
Manganese
Potassium
Sodium
Antimony
Arsenic
Selenium

35, 10 (dup. samples; field screening)

<100 (laboratory)
200B
40 BJ
7000
2500

1507
16.07
135,000
54,800
527
9380
178,000
5217
207
21.2

10!
ND
ND
23,20!
ND

69.91J
13.6]
49,800
32,900
ND
7,170
187,000
5317
ND
17.3

Note: Only parameters above detection limit shown.

' 15 June 1995 sampling

B = detected in blank

J = detected below contract required quantitation or detection limit

ND = Not detected

Source: EA, 1995
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* The existing MW941103 can be used as one
of the piezometers during the test. Other
nearby wells (MW941104 and MW941129)
can also be used for monitoring. A new
4-inch-diameter extraction well will be
installed.

* This area is located in a potential off-site
source area of TCE contamination. It is
between the base boundary and the highest
single off-site TCE hit. Implementing
2-PHASE extraction in this area may help
remediate this source and/or pull it back
toward the base boundary.

¢ The site is contaminated with a combination
of VOCs (primarily TCE up to 7,000 pg/L)
and purgeable JP-4 up to 2,500 pg/L),
which are present mostly in the saturated
zone.

® The formation has a relatively low hydraulic
conductivity. No slug tests were performed
as part of the OU-11 RI, but tests were
performed on 12 wells in the OU-9 RI.
OU-9 is approximately 3500 feet southeast
of the Pride Hangar. Slug tests in OU-9
indicate hydraulic conductivity in a range of
1.7x 10*t0 3.5 x 10 cm/sec.

¢ During development of MW941103, a flow
of about 0.5 gpm was obtained. This
indicates a low productivity formation.

3.3 BG-04 Plume

The area east of monitoring well MW941148 in
the off-base portion of the BG-04 plume will be
used for the other test (Figure 3-2). Rust
Environment and Infrastructure (Rust)
performed a direct push investigation for VOCs
and a seismic survey in this off-base plume in
1995. No borings were completed. The nearest
boring is at MW941148 on the base boundary.
This well was installed by EA in 1994 as part of
the OU-11 RI. The data from the investigation
was used in preparation of this work plan
(Rust, 1995 and 1996; EA, 1995).

Analysis of groundwater from MW941148 is
presented in Table 3-1. The only organic
contaminants detected were VOCs; metals were
in a range consistent with acceptable
background concentrations. TCE was the major
contaminant (23 pg/L). A TCE plume map for
the BG-04 area is presented in Figure 3-4. Note
that this map was prepared prior to the Rust
direct push off-base survey and that the plume is
now known to extend further off base. No
contamination was detected in the soil boring
from MW941148. The well log is presented in
Appendix A.

The direct push investigation yielded 31
groundwater samples along and east of the base
boundary. Most samples were analyzed by a
mobile laboratory. The results revealed TCE in
excess of 5 pg/L at 13 locations. The highest
TCE concentration was 1068 pg/L immediately
north of water well ELN200 and about 600 ft
east-northeast of MW941148. Other high
concentrations (up to 227 pg/L) were detected
north of MW941148 along the eastern base
boundary. A copy of the technical memorandum
documenting this study and the comments from
EPA are presented in Appendix C.

The lithology of the area is clay and clayey/silty
sand and gravel underlain by weathered and
fractured Pierre Shale. Based on the off-base
seismic survey, depth to the Pierre Shale ranges
from 5 to 28 ft. A copy of the seismic survey is
presented in Appendix D.

Groundwater flow in this area is presumed to be
toward the southeast. The seismic survey
revealed paleochannels in the surface of the
Pierre Shale, and it is likely that groundwater
and the bulk of the TCE contamination follow
these channels. The major channels cross the
base boundary north of MW941148 where some
of the higher TCE concentrations were found.
No aquifer testing has been performed in this
area. Depth to the water table has not been
determined off base, but it ranges from 11 to 29
ft in the on-base BG-04 area.

Because of the lack of site-specific data, it is
uncertain at this time whether this site is
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appropriate for the 2-PHASE technology. The

* test will help determine that. It is suspected that

it is an appropriate site, and it has been selected
for the following reasons:

e The site is contaminated with elevated
levels of VOCs (primarily TCE) which are
present in the saturated zone.

* The site likely has a moderate hydraulic
conductivity (k). Similar sites elsewhere on
the Base have shown k values in the range
of 10 to 10 crn/sec.

e Depth to the Pierre Shale in this area is

within the proven effective range for 2-
PHASE.

¢ The plume has migrated off base and is the
object of a time-critical removal action.
Prompt action on this plume is a priority for
the Base. If the technology is effective, the
test results could help the Base design and
execute the removal action.
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4.0 TESTING PROCEDURES

The pilot-scale test of 2-PHASE will consist of
two one-week tests to be conducted in OU-11 on
new extraction wells near MW941103 and off
base near MW941148. The test start date is
scheduled for 11 May 1996. All activities
(equipment monitoring, sample collection,
sample control, and sample analysis) will be
conducted in accordance with the procedures
and protocols described in the U.S.
Environmental Protection Agency (EPA)-
approved Ellsworth AFB QAPP, the Site Safety
and Health Plan (SSHP) included in Section 8.0
and the OU-11 SSHP.

b

4.1 Well/Piezometer Installation

4.1.1 Pride Hangar

An extraction well (EW-1) will be installed
downgradient (south-southeast) of well
MW0941103. An array of three piezometers and
three vapor probes will be installed around the
extraction well to assess the performance of the
2-PHASE system. MW941103 will be used as
one of the piezometers. Maxim Technologies or
another drilling subcontractor will install the
wells and vapor probes through the use of a
hollow-stem auger drilling rig in accordance
with the Ellsworth AFB QAPP. A well and
vapor probe construction detail is shown in
Figure 4-1. Liquid piezometers will penetrate
the saturated zone to the underlying shale.
Vapor probes will extend to approximately two
feet above the saturated zone and will be
screened in the overlying (clayey sand) interval.

Figure 4-2a shows a site plan and Figure 4-2b
shows a projected cross section of the extraction
well, the piezometers, and the vapor probes. The
exact locations and depths will be determined in
the field. The piezometers will be used to
monitor groundwater drawdown during the test.
Groundwater levels will be measured using a
battery-powered water level meter. The vapor
probes will be used to monitor the extent and
magnitude of vacuum influence on the
unsaturated soil formation. The groundwater
piezometers will also be used to measure
vacuum in the saturated zone as it becomes

unsaturated during the test. Applied vacuum will
be measured using a Magnehelic® pressure
gauge.

412 BG-04 Area

An extraction well (EW-2) will be installed off
base northeast of well MW941148 and
northwest of well WWELN200. The well will
be located in the area of a suspected
paleochannel in the Pierre Shale (inferred from
the seismic investigation [Appendix D]) and in
an area of suspected elevated TCE
concentrations (from the direct push
investigation [Appendix C]). This area is
located upgradient of the highest off-site TCE
hit from the direct push investigation (near
WWELN200) and downgradient of the highest
TCE hits along the eastern base boundary and is
considered a potential source area. Thus, the
2-PHASE extraction will be focused on the
potential source, with the goal that it may help
draw the source back toward the base boundary.

An array of three piezometers will be installed
around the extraction well to assess the
performance of the 2-PHASE system. Drilling
will be similar to that described for the Pride
Hangar area. Piezometers will be screened
across the water table to allow for measurement
of induced soil vacuum and groundwater levels
in the same well. Wells will penetrate the
saturated zone to the underlying shale. A
piezometer and extraction well construction -
detail is shown in Figure 4-3.

Figure 4-4a shows a site plan and Figure 4-4b
shows a projected cross section of the extraction
well and piezometers. The exact locations and
depths will be determined in the field. There is
very little subsurface data available in this area,
so screened intervals and lengths could change.
Measurements during the test will be similar to
that described for the Pride Hangar area.

Because of the lack of data for the off-site area,
field activities will involve real-time screening
and decision-making for determining well
depths, screen lengths, and screened zones.
During drilling, core samples will be screened

ELLSWORT.DOC

May 1996




O
N
Y2 foamviovs L010°0 ‘NI3¥DS Q3110TS AHOLOVS 3Ivos oL 10N =
OAd 0¥ 31NA3HIS 2
NOlLWNOAdNOD ('z3id) T ¥o MEW W7 $3did — =
:‘E - ] 228 ('zad) ,01-.8 ‘M3) ¥1-.Z1 Q
e Y3LINVIQ TT0HIY0E >
= = £
o —
S —= R
Y — N33¥0S T1Im K
° — Q.
o — ~
o — g
o ANYS YIS 0Z/01 — 03L107S Q1314 o]
— OAd OF 3INQ3IHOS .| :3did =
— .8-.9 ¥313IAVIQ I0HINOS Lo}
— c
— =
— A m MJ
ROROOR B (O]
.0z gy 0z - T
SdiHD 3LINOIN3S A = N33¥IS 1Im co
= S O
81 — =
¢ ONVS VOIS 0Z/01 — o D.....
1 K o St
— o=
i St o8 [«
SVl = O <~
nOu.D
c
(L]
S8
"-. (8]
=
T
SdIHO 3LINOLIN3g - C
o O
= 0O
Q
[
=
1n0¥9 >
L
¥ N L -
/ X 7 X )
< N\ Y W <
%L, _ D R — XA
I O SN S o
LR, RRLR ey KRR R 5|3
\ . =)
X08 T13IM Euzl\ X08 T13IM Eo:i\ ic [
—¥3LYM INNOW HSM3 —¥3LVM INNOW HSN14 mu“
NOILONYLSNOD ¥313aWO0oz3ld =
3804d HOdVA
GNV T113M NOILOVYHLIX3 NOILONYLSNOD 3804 m
o




P\ woar10s

CORPORATION

SACRAMENTO, CA

M
&
L

A
o

Legend

New Well/Piezometer
Existing Monitor Well
Extraction Well
Vapor Probe

Cross-Section

04.03.96

K10207

Scale
0 25 50
T ———— )
Feet

. Mwe41129
_gb,

45%ij

HORTH

Figure 4-2a. Pride Hangar Site Plan

ELLSWORT.DOC

4-3

May 1996




O
o
&
= z
e Y V34V IHL NI STTIM ¥3HLO =
m WOY¥4 QILVAILSI 3IVHS OL HLd3Q
"£0LIFBMN 304 907 ONIYOE NO
3|e! INjoBIH 10 paiayies w
IEUS paIidel Jo paialjieap @ Q3Sv8 NOILJ3S—-SS0¥O Q3103r0ud
pues Aake)y Im 2 *310N
(@]
©w
WS Aehey :
wped 7]
pusboT r e e e SN e e £ 0 A KRR Y PP c
+ B e e B e B B e e B Bt S B i B KO R 0
Y2 ‘0LMINVEDYS __lllll_lrlfll_._ LI I L8N L LA LIS LI L L .0 L . L L .0 L0 AL LA .5 L . .0 L L LI L .0 L L . . . LA LA 2 L. L0 .0 LA LA —
Lt::m___:_1_«_{111L_r.__:{_rf_f_fffwﬂfff__hLL___;LLLH_LLLL__ a4 =
MOILWMOAMNOOD «_m____________m______ﬁn__qnﬁg__«__w__“_mlnlulqu_nﬁ!.oml o
NYWIGEYWA [ T e e e e e T i e 2
_m_m.m_M.h;_m__~_.m.m_m._._f_.m;;.m.m_mA___HA_ __H.H_Q.m.“___m.m_m_ﬁ;_m.mqlw_m_m;;;___.m.m.ﬁ (/)]
_——— T T T T T o s m T e e e T e el ieiipe Sl = ol il i 7))
_— - - - - - T - T TS oo ST oo To oo e e — i = lpeleliegeiniialivg (72}
IIIIIII'I[I||I[]IIII’|'.m‘|IWI|Il|I|II|I|||myll||[1|.I< o
— - T - o s T T T T o T T E T e —— — e T T i
-—_ - s T T T o To T — e T o
llll'll.l.“l.l'[lll[“l%l%l[@”ll.lil”lﬂl”li””ﬂ!rlﬂm i == inelingelisiisiiiismeiivg = Suiiseiiieii [}
e et = el i e S = e e - S ————— =
e el il = Sl = Rtlts = R e = & oo oo T T ] (%)
gty W = il el el s § et B Sl e - - - — 0z I
T e e e e — e ] <
S syl : § - T - T T E k-] oo -—fHilfk——m o —— — - o j
_— T T I - oo TT oo f - oo — — A~ T T c ~
| et | B Hie ) e | B | Bttt I
—_—— ——— — — — g - - oo e e e — e I
- - oot e e e — — — P oot | aili Sl iiselivaneii @
- -~ -l — — — — — =] |y | sl Slomidipe il °
-_—_ = q—=—-- - - -4 =m0 |l =———_ — — —
————— e | e [ e N s I O R | L e o
— — — — 01 0
— ] ] o
= B = <
- —] — Q
S —1 | o
— p— ] =
— — - o
—] — ] ic
e -
&4 h $ IOR
B Nad i Bl | == | Bl Bl *
£-A £oliremn -A -4 1-M3 Z-A  7-4
T1IM 8
ININIAVY NOILOVYLX3 =
JHLIVHJSY =
o
. (e}
.0} W
v | | | v z
: m




YO ‘OININVHOYS

NOJlAWNOALNOD

96°10'S0 6£20LM

.010°0 ‘N33¥0S Q3L107S AYO1OVA
OAd O 3INQ3HOS b :3did
WV 1—.21 ‘¥3L3WVIA 310H3¥08

ST
— NIT¥OS T1IM
aNYS Yonis 0z/01 —
— X
bl
SdIHO 31INOIN3E
6
1N0y9
N
A R
< N\
IRONAY SN
LR R,
NOILONYLSNOD

T13M NOILOVYHLXIT

3OS Ol LON

«010°0 ‘NI3YDS QILLOIS AYOLOV4
OAd O¥ 3INQ3HIS ,Z :3did
«01—=,8 *¥31INVIQ 3T0H3¥08

aNvs vors 0z/ol

SdIHO 31INOIN3g

I

[

]

(I

I

£2

NIIYIS 13m

7/
N
N, v,
S

2% N
R

NOILONYLSNOD
H313aW0Z3id

Figure 4-3. Extraction Well and Piezometer Construction Detail (BG-04)
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for VOCs with a photoionization detector (PID).
It is anticipated that the wells will fully
penetrate the saturated zone into the weathered
and fractured shale. However, if screening data
show that the highest concentrations are
shallower, the well depth and screened interval
will be selected to target that zone. However, if
elevated concentrations are entirely within the
shale, the screen will be set into the shale to
maximize the effect in that zone and minimize
short circuiting from the more permeable
overlying sediments.

4.2 Equipment Mobilization and Test
Setup

The following equipment and materials will be
mobilized to the OU-11 site in preparation for

the pilot test. All equipment and materials will
be available on site the week prior to the test.

e The 2-PHASE system will be transported to
the site and placed near the extraction well.

e A portable 240-V, 3-phase generator and
supplementary fuel tank will be rented
locally to power the 2-PHASE system.

e A liquid phase activated carbon drum will
be purchased and delivered to the site via
common carrier.

¢ A portable storage tank will be rented from
Warne Chemical and Equipment Company
and delivered to the site.

e Miscellaneous pipe and materials to
fabricate the wellhead assembly and transfer
piping will be purchased locally and
fabricated in the field.

¢ Field measurement equipment and sampling
materials will be shipped to the site or
mobilized with the 2-PHASE system.

The duration for the setup is estimated to be one
week. The following steps will be performed to
set up for the pilot test:

e Locate all equipment on the site. Delineate
the site to restrict access. Establish a
location for vehicles and materials.

e Install extraction well, piezometers, and
vapor probes.

e Develop extraction well and take baseline
groundwater samples. Develop piezometers
to assure communication with the aquifer.

Assemble the wellhead, straw, and fittings
necessary for the extraction well and for
piezometer and vapor probe measurements.

e Attach and assemble the liquid flow
totalizer and vapor flow meter.

¢ Install a hose from the liquid discharge port
of the vacuum system to the activated
carbon drum and a hose from the outlet of
the carbon drum to the storage tank.

* Connect power from the generator to the
2-PHASE system, test the generator, and
test the voltage to the system.

e Test the operation of the 2-PHASE
equipment.

e Measure baseline groundwater elevations.
Measure groundwater elevations at two

background wells for reference purposes.

4.3 Performance of Test

The following steps will be performed during
the pilot test.

e Start generator and 2-PHASE system and
allow warm-up of 2-PHASE equipment.
Check operating conditions during warm-
up. Document liquid totalizer reading.

e Attach vacuum hose to system and
wellhead. Insert the straw into the well
above the water table and take initial soil
vapor sample. After taking the vapor
sample, lower the straw to evacuate liquid
from the well bore. When all liquid is
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evacuated, open aspiration air valve and seal
the wellhead.

¢ Ensure proper operation of activated carbon
treatment train and filling of storage tank.

® Adjust aspiration air valve to minimize
aspiration air flow and maximize vacuum
applied to the well. Check operating
conditions of the 2-PHASE system.

e  Perform field measurements, record
operational data, and take liquid and vapor
samples according to the schedule in the
sampling and analytical plan.

* Optimize aspiration of extracted liquid,
applied vacuum, and operating conditions
for the remainder of test. Monitor the fill
rate of liquid storage tanks. Maintain fuel
level in generator. Run continuously at a
constant rate for a one-week period.

4.4 System Shutdown and Equipment
Demobilization

The following steps will be taken to shut down
the 2-PHASE system and prepare for
demobilization.

* Document all final operating conditions and
field measurements.

e Raise the straw above the water table and
collect a final soil vapor sample from well.

e Decontaminate vacuum system and PVC
piping by running clean water through the
system.

¢ De-energize the 2-PHASE vacuum system
and electric generator. Allow all equipment
to come to rest.

¢ Disconnect the power from the generator.

e Disconnect the vacuum hose, transfer
piping, and liquid transfer hose. Seal carbon

drum. Remove wellhead assembly from the
well.

¢ Sample groundwater in the well. Cap the
well.

® Measure groundwater elevations in
background wells to determine area-wide
changes during test.

* Collect carbon sample from GAC for
characterization.

The following steps will be followed to

demobilize equipment and materials from the
site.

* Secure the 2-PHASE system and transport
to its origin. Return the generator to rental
company.

* Remove all tools and equipment from the
site.

* Have contracted vac-truck empty storage
tank and discharge treated water to on-site
WWTP. Return tanks to origin.

® Return activated carbon drum for disposal.

* Perform site inspection with a representative
of Base Environmental Office.
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5.0 SAMPLING AND ANALYTICAL
PLAN

To assess the effectiveness of the 2-PHASE
system, field measurements will be performed,
system operating conditions will be recorded,
and liquid and vapor samples will be taken. The
following sections describe the measurements
and sampling to be performed and the purpose
of these activities.

5.1 Field Measurements

Tables 5-1 and 5-2 will serve as the field data
sheets for field measurements and indicate the
data to be recorded. Measurements will be taken
approximately six times during the first day of
each test and four times per day thereafter. Field
measurements will indicate the effects of the
2-PHASE system on the subsurface formation
and will consist of the following:

e Groundwater levels in the liquid
piezometers and monitoring wells to
measure drawdown of the static water table;

® Vacuum measurements of the three vapor
probes (Pride Hangar only) and piezometers
(both sites) to measure the magnitude and
extent of vacuum influence; and

e Weather conditions and other comments.

5.2 Operating Conditions

Table 5-3 will serve as the field data sheet for
system operating conditions and indicates the
data to be recorded. Operating conditions of the
2-PHASE system will be monitored to evaluate
the applicability of the technology to the
remediation of this and other sites. The
operating conditions to be recorded include the
following:

¢ System inlet vacuum and temperature;

e Wellhead residual vacuum and aspiration air
flow;

¢ Seal fluid temperature and pressure;

* Exhaust vapor temperature and pressure;

*  Extracted vapor flow rate to evaluate vapor
and contaminant extraction rates; spot real-
time measurements of total VOCs may also
be made with a portable direct-reading
instrument;

* Extracted liquid volume to evaluate liquid
and contaminant extraction rates;

* Operating time, down time, and repairs; and

e  Other comments.

5.3 Sampling

Energy Laboratories Inc. will perform all
analyses on liquid samples, including EPA
Methods SW-8260 and SW-8015M. Vapor
samples will be analyzed by Microseeps at the
University of Pittsburgh Applied Research
Center by analytical method AM4.02.
Supplemental information describing the
Microseeps Sampling and Analytical Method is
provided in Appendix B.

Soil cuttings from well installation will be
characterized using method SW-8015. Carbon
will be characterized using the 11 RCRA test.

Table 5-4 will serve as the field data sheet for
analytical sampling and indicates the type of
sampling to be performed. The purpose of liquid
and vapor sampling is to evaluate the extraction
of contaminants from the subsurface,
characterize wastes, evaluate treatment
effectiveness of the carbon system, and facilitate
the evaluation of the 2-PHASE technology for
the remediation of this and other sites. A
description of the sampling to be performed
follows:

® Pre- and post-test analyses for VOCs by
EPA Methods SW-8260 and SW-8015M
will be performed on groundwater from the
extraction wells EW-1 and EW-2. Sampling
will be performed with a bailer and be in
accordance with the QAPP.
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Pre- and post-test analyses for VOCs by
method AM4.02 will be performed on vapor
samples from EW-1 and EW-2. These
samples will be collected by operating the
2-PHASE system with the straw above the
water table so that only soil gases are
extracted.

Nineteen extracted groundwater samples
(2-PHASE effluent prior to carbon
treatment) will be taken over each test
period and will be analyzed for VOCs by
EPA Methods SW-8260 and SW-8015M to
facilitate evaluation of the 2-PHASE
system. In addition to the 19 groundwater
samples, 2 duplicate groundwater samples
and 1 trip blank will be analyzed for sample
quality assurance/quality control (QA/QC).

Thirteen extracted vapor samples (vapor
discharge from 2-PHASE system) will be
taken over each test period and will be
analyzed for VOCs by method AM4.02 to
facilitate evaluation of the 2-PHASE
system. In addition to the 13 vapor samples,
2 duplicate vapor samples and 1 trip blank
will be analyzed for sample QA/QC.
Method AM4.02 involves collecting sample
vapor with a syringe and injecting the
sample into an evacuated 22-cc sample vial
to approximately 1 atmosphere positive
pressure (approximately 44-cc sample), as
described in Appendix A. Because of the
altitude difference between the Base (Rapid
City, South Dakota) and the laboratory
(Pittsburgh, Pennsylvania), approximately
50 cc of sample will be injected at this site.

A treated groundwater sample will be taken
from the liquid phase carbon drum effluent
and analyzed for VOCs by EPA Method
SW-8260 to evaluate the presence of
contaminants prior to discharge of the
treated groundwater. These samples will be
analyzed by Energy Laboratories with rapid
turnaround time so that data can be obtained
prior to demobilization.
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6.0 REPORTING

At the conclusion of the pilot-scale test, a
Technology Evaluation Report will be prepared
summarizing the results of the study. One report
will be prepared for each site. The report will
include a discussion of the site background, the
equipment design and testing apparatus,
analytical data and quality of data for extracted
liquid and vapor, groundwater drawdown, extent
and magnitude of vacuum influence, liquid and
vapor flow rates, contaminant removal
estimates, treated liquid and vapor contaminant
concentrations, and boring logs.

Contaminant removal rates and the total mass of
contaminants removed from the subsurface will
be calculated using extracted vapor and liquid
flow rate data and average dynamic contaminant
concentrations. This information will be used to
discuss the remedial effectiveness of the
2-PHASE technology and forecast removal rates
for future use of the technology.

Data describing the extent and magnitude of
vacuum influence relative to the distance from
the extraction well will be used along with
groundwater drawdown data to refine design
criteria for well spacing and contaminant
removal effectiveness for future remedial
designs.

Operational data for the 2-PHASE system and
test apparatus will be used to discuss the
technical feasibility of the 2-PHASE technology
and develop criteria for full-scale application of
the technology.

The Technology Evaluation Reports for the
2-PHASE pilot tests at Ellsworth AFB OU-11
and the results of similar tests at other ACC
sites will be used for the PREECA. The results
of these pilot studies will be used to evaluate
vacuum-enhanced two-phase extraction for the
remediation of these and other ACC sites,
develop site-specific action memoranda, and
support meetings and discussions of the
PREECA for vacuum-enhanced two-phase
extraction.
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7.0 RESIDUALS MANAGEMENT

At the conclusion of the test, there will be one
drum of liquid phase activated carbon; a tank of
treated water; drill cuttings from extraction well,
piezometer, and vapor probe installation; purge
water from sampling and well development
activities; and miscellaneous materials for
disposal.

The activated carbon drums will be disposed of
as hazardous waste. This will be manifested by
the Base. The carbon will be characterized as
described in Section 5.

The treated groundwater in the storage tank will
be sampled for VOCs during the test. Upon
completion of the analyses, and given
acceptable concentrations, the water will be
discharged to the base WWTP. Ricer Company
will use a 3380-gal. vac-truck to empty water
from the tank, haul it to the WWTP, and
discharge the water. This activity will take
approximately one day. After the tank is empty,
it will be transported back to Warne Chemical
and Equipment Company. Since the water
contained in the tank will have been fully
treated and carbon polished, tank
decontamination will not be necessary.

Drill cuttings and purge water will be drummed
at the site. Approximately 10 drums are
expected. Cuttings will be characterized as
described in Section 5 and disposed of properly.
Purge water will be treated at the site using the
activated carbon.

When the test is completed, there will be some
PVC pipe from the test apparatus for disposal.
This includes the wellhead assembly and the
transfer piping from the 2-PHASE system to the
liquid phase carbon. These materials will be
decontaminated by rinsing with clean water.
Disposable personal protective equipment (e.g.,
sampling gloves; tyvek coveralls, if used) are
not expected to contain significant
contamination. The Ellsworth AFB Remedial
Project Manager will be contacted to coordinate
the disposal of this material at a local landfill.
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8.0  SITE SAFETY AND HEALTH
PLAN (SSHP)

This SSHP provides guidance for conducting
field activities on a pilot test of the 2-PHASE
vacuum extraction to be conducted at Ellsworth
AFB. The major components of the plan include
project organization, hazard analysis, personal
protective equipment (PPE), work areas, and
emergency procedures. This SSHP must be
available on site as a reference. It is expressly
intended that project work be guided by
applicable sections of the Occupational Safety
and Health Administration (OSHA) standards
for general industry [29 Code of Federal
Regulations (CFR) 1910] and for the
construction industry (29 CFR 1926).

The tasks to be conducted during this project are
as follows:

e Mobilize project equipment;
¢ Install wells;
e Set up equipment and piping;

e Perform 2-PHASE vacuum extraction and
collect associated data; and

¢ Demobilize equipment and piping.

8.1 Project Orqanizatioh and Health
and Safety Responsibilities

This section outlines the project organization
and health and safety responsibilities of the
team.
8.1.1 Project Manager

Mr. Fran Slavich, P.E., has overall responsibility
to ensure that this SSHP is implemented in
accordance with federal, state, and local

community requirements, as well as with Radian
policy.

8.1.2  On-Site Engineer/Safety Officer

Mr. James Machin, P.E., shall be responsible for
on-site health and safety observations and
recommendations and for ensuring that this
SSHP is followed. Mr. Machin will have
authority to stop the project on the basis of his
observation of health and safety concerns.
Additional duties and/or responsibilities of the
engineer are as follows:

* Ensure that this plan is read and understood
by field personnel prior to beginning the
project;

¢ Locate support facilities outside the work
area;

* Conduct and/or observe air monitoring
instrumentation and ensure availability of
applicable PPE;

* Ensure that personnel observe safe work
practices in accordance with this SSHP;

¢ Maintain safety equipment;

* Initiate emergency phone calls if an injury
or accident requires medical attention;

® Upgrade the conditions of this plan as
indicated by site conditions or changes in
the scope of work;

* Report'problems to the appropriate
supervisor and project health and safety
officer; '

* Maintain the project health and safety file;
and

» Conduct daily safety briefings with all site
personnel.

8.1.3 Field Team Members

Members of the field team are responsible for
reading and understanding the SSHP,
performing work safely, being aware and alert
of signs of exposure to contaminants and/or heat
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stress, and reporting any unsafe working
conditions to their immediate supervisors.

8.14 Project Health and Safety Officer

Mr. Kim Worl, CIH, will serve as this project's
health and safety officer. Mr. Worl will not
participate in on-site work but will be available
to assist the on-site engineer/safety officer via
telephone.

8.2 Hazard Analysis

This section of the SSHP addresses potential on-
site hazards that may be encountered during the
activities described below. This section
discusses tasks that will be performed and
associated risks that may be encountered.

8.2.1 General Safety

The presence of heavy equipment, moving/
rotating parts, and multiple pieces of equipment
while mobilizing and demobilizing can
contribute to potential hazards. Prior to the
operation of any machinery, all belt and
coupling guards associated with motorized
equipment will be in place and secured.
Personnel should not place anything behind a
guard.

When spotting trailer-mounted equipment,
wheels will be blocked to prevent movement.

During the planning/mobilization phase of the
program, Base personnel shall be consulted
about the location of utility lines and other such
underground hazards and obtain all Ellsworth
AFB-required permits. If excavation or drilling
cuttings indicate the possible presence of
underground drums or cylinders, operations
shall be stopped immediately.

8.2.2 Mechanical Hazards

Hazards while working with mechanical
equipment can include cuts, contusions, being
struck by or striking objects, being caught
between objects, becoming entwined in rotating
tools, and falling objects. Care should be taken

to eliminate these potential hazards by ensuring
that mechanical safeguards are in place, that
safe distances between personnel and moving
parts are maintained, and that personnel avoid
areas where vehicles and equipment are being
moved or positioned.

Potential burn hazards exist with the hot oil
reservoir on the 2-Phase equipment and exhaust
from the generator. Care will be taken around
this equipment, and work gloves will be worn to
protect from direct contact.

8.2.3 Electrical Hazards

Proper lock-out/tag-out procedures shall be used
whenever work is performed on the 2-PHASE
unit per Section 6.2 of the Radian Corporate
Health and Safety Manual. Electric shock can
occur by direct contact with live wires or with
electrical equipment and instruments that are
wet or have faulty wiring. Any extension cords
used with the equipment should be checked
prior to use for cuts or loose connections in the
coating protecting the wires.

8.2.4  Slips, Trips, and Fall Hazards

Areas may be muddy and have uneven surfaces.
Team members shall be aware of these and other
possible hazards, such as equipment on the
ground. Falls can occur when climbing ladders
on frac tanks. Personnel should always have
three points of contact while climbing ladders. If
heavy or bulky equipment is needed on the top
of the tank, it should be tied to a rope and lifted
from below. Railings should be available on the
top of frac tanks.

8.2.5 Fire Hazard

Fires may be caused by excavation of buried gas
lines, grass fires, and equipment fires.
Precautions should be taken to minimize the
potential for fires. No smoking is allowed inside
the work area.

ELLSWORT.DOC

May 1996



8.2.6 Gas and Power Lines

Underground utility lines present in the area
shall be located and marked to prevent
accidental puncture or breakage during
excavation or drilling activities. All contacts
(regarding the location of buried lines) with
Base and utility company personnel shall be
documented. In the event an unmarked buried
utility line is damaged, work operations shall
halt immediately and all equipment be shut
down until the nature of the line is discovered.
Should damage occur to a natural gas utility
line, all electrical and motorized equipment
shall remain shut down, and the contractor shall
be responsible for having the line repaired
immediately.

8.2.7 Heavy Equipment

The presence of heavy equipment on site
requires that all personnel be constantly aware
of the location, speed, and direction of the
equipment. To help ensure that employees are
aware of this in the area, all equipment shall
have backup alarms that operate properly. When
working around heavy machinery, employees
must make their presence known to the
equipment operators. All moving equipment
shall consist of road-legal vehicles and shall
observe all the traffic regulations at Ellsworth
AFB. Maintenance shall be conducted on a
routine (as needed) basis at the work site or
staging area. The work site shall be cordoned off
with yellow tape and/or reflective safety
flagging to prevent vehicle or pedestrian
interference with the work site. Work shall not
impede normal traffic ways without providing
orange traffic cones to direct traffic around the
working site.

8.2.8 Noise

Work around heavy equipment can result in
exposure to excessive noise. Operation of the
2-PHASE equipment normally does not result in
noise levels in excess of the OSHA-permissible
exposure limit of 90 dBA or the action limit of
85 dBA. The electric generator operating on site
may result in high noise levels and may result in

communication difficulties and hearing
impairment. It is not anticipated that hearing
protection will be needed; however, ear plugs
will be available to employees.

8.2.9 Heat Stress

Working in elevated temperatures while wearing
PPE may lead to heat stress in the form of heat
exhaustion and/or heat stroke. Symptoms of heat
exhaustion include dizziness, light-headedness,
slurred speech, fatigue, copious perspiration,
cool clammy skin, and an increased resting heart
rate (110 beats/minute). Symptoms of heat
stroke include delirium, fainting, and hot, dry,
flushed skin. Heat stroke is a life-threatening
condition, and immediate medical attention is
required if any symptoms of heat stroke are
observed. Heat stress monitoring and prevention
procedures will be initiated when ambient
temperatures exceed 90°F. Heat stress reduction
procedures shall consist of the following:

* Potable water and/or Gatorade” will be
made available to the field team throughout
the work day. Field personnel will be
encouraged to drink fluids frequently. Field
teams working outdoors continuously
should break for water at least every hour.

e When temperatures exceed 90°F, all field
personnel working outdoors will measure
their heart rate at least hourly. If the heart
rate exceeds 110 beats/minute, the
individual will rest for 10 minutes and drink
fluids throughout the rest period. The heart
rate should again be measured at the end of
the rest period. If the heart rate has dropped
below 110 beats/minute, the individual may
return to work. If the heart rate exceeds 110
beats/minute, contact the on-site engineer
responsible for health and safety.

¢ Any personnel displaying signs or
symptoms of heat stress will stop work and
rest for at least 15 minutes. If symptoms
persist beyond this rest period, the on-site
engineer responsible for health and safety
will be contacted. Personnel displaying
symptoms of heat stroke, the most serious
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type of heat-related illness, should
immediately be taken to the closest medical
facility.

8.2.10 Chemical Hazards

Volatile chemicals identified in the soil and
groundwater at the OU-11 site in concentrations
that have the potential for employee exposures
are listed in Table 8-1. The table also lists
standards and guidelines for employee exposure
and relevant health effects.

Significantly contaminated soils and
groundwater, if encountered, will produce
elevated airborne concentrations and elevated
point source concentrations that are readily
detected with direct-reading instruments.

Inhalation of volatile organic vapors and skin
contact with contaminated soils, groundwater,
and equipment are the most likely routes of
personnel exposure in the work area. Real-time
air monitoring instruments will indicate the
presence of vapors.

The 2-PHASE system extracts soil vapor and
groundwater from the well using a high-vacuum
pump. The vapor and liquid phases are
separated at the unit. The liquids are passed
through aqueous phase carbon before being
diverted to a storage tank. The vapors pass
through either a carbon bed prior to release to
the atmosphere or directly to the atmosphere.
Worker exposure to chemical contaminants—if
the system is operating as designed—is expected
to be minimal. The following safety precautions
will be implemented to ensure the protection of
employees from potential chemical hazards:

* An air monitoring program, described in
Section 8.4, will be implemented in order to
measure airborne concentrations of VOCs
potentially encountered during on-site work;

e  PPE will be provided and required to be
worn,

¢ Chemical-resistant protective clothing and
respiratory protection will be available in

the event that air monitoring instruments
indicate the presence of vapors above 10
ppm in the breathing zone of employees;
and

* Any chemicals being brought onto the site
will have associated Material Safety Data
Sheets, which will be reviewed with and
available to the field team.

8.3 Personal Protective Equipment

The minimum required PPE for all personnel on
site during the 2-PHASE treatability study
includes the following:

¢ Hard hat;
o Safety glasses with side shields;

e Steel-toed work boots: leather (rubber if
liquid contamination exists);

¢ Work gloves; and

* Hearing protection.(when noise levels
exceed 85 dBA).

The following additional PPE will be available
on site:

e Chemical-resistant clothing: disposable
Tyvek® coveralls (coated Tyvek” shall be
used in wet areas), disposable nitrile gloves;
and

* Half-face or full-face respirator with organic
vapor/high-efficiency particulate air
cartridges.

PPE shall be used by personnel when
engineering controls and work practices are not
adequate to reduce employee exposures to
acceptable levels. PPE selection shall be based
on specific task activities, historical data of
contaminants known to exist at the site, site
conditions, and the results of the air monitoring
program described in Table 8-2. The scope of
this section is strictly limited to the activities
described in Section 8.0. Real-time air
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monitoring results may require an immediate
upgrade in respiratory protection or cessation of
work activities until hazardous vapor
concentrations disperse. Specific guidance is
provided in Table 8-2.

The major chemical exposure hazards at the site
result from the following:

¢ Inhalation of airborne contaminants either in
the form of dust or fugitive vapors
emanating from the contaminated soils,
liquids, or the carbon treatment vessels; and

¢ Dermal contact with, or ingestion of,
contaminated soils and liquids.

PPE requirements for each task may be modified
after the on-site and project safety officers
discuss and concur. Guidance regarding PPE
inspection and respirator cartridge replacement
frequency can be found in the Ellsworth AFB
SSHP.

8.3.1 Temperature Limitations

Chemical-resistant clothing and respirator use
can cause employees to fatigue rapidly and will
inhibit body cooling. Personnel shall be
instructed to pace themselves to ensure adequate
rest periods.

8.3.2 Training and Medical Surveillance
Requirements

All personnel are required to be in compliance
with OSHA 29 CFR 1910.120, Hazardous
Waste Operations Health and Safety Training
Requirements. All field team personnel must
have had a physical examination with medical
clearance within the last year to conduct this
work.

8.3.3 Record-Keeping Requirements

Records of training and medical surveillance
shall be maintained for the project records.

8.4 Air Monitoring and Safe Work
Practices

8.4.1 Air Monitoring

Air monitoring will be performed at the outlet of
the system and in the breathing zone of the field
team to determine the potential for worker
exposure. Monitoring will be performed in the
breathing zone of the worker nearest the
source(s) of air contaminants and their discharge
to the atmosphere. The following precautions
will be taken in order to ensure that field
personnel are not being overexposed to organic
vapors.

 If discharging extracted vapors directly to
atmosphere, the extraction system will be
equipped with an exhaust stack that is at
least 8 feet above grade; and

e All work associated with the extraction
testing will be performed upwind of the
exhaust stack whenever possible.

84.2 Organic Vapor Concentration

Organic vapor concentrations will be measured
with a photoionization detector and direct-
reading detector tubes. Table 8-2 summarizes
the actions that will be taken in response to
monitoring results.

8.5 Work Zones and Decontamination
Procedures

The on-site engineer/safety officer is
responsible for establishing the appropriate
work zone designation and defining the zone in
accordance with this plan.

8.5.1 General Work Zone

A general work zone shall be delineated by the
on-site field engineer/safety officer through the
use of barricade tape or other appropriate
barrier. A general work zone is characterized by
an absence of uncontrolled chemical substances
or materials.
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8.5.2 Exclusion Zone

An exclusion zone (EZ) shall be established to
minimize the risk of chemical exposure and
contaminant migration off site and to restrict
unauthorized personnel from entering
potentially dangerous work areas. No eating,
drinking, or smoking shall be allowed in the EZ.
The EZ will be established using barricade tape.

8.5.3 Contamination Reduction Zone

A contamination reduction zone acts as a buffer
zone allowing personnel egress to and from the

EZ. All contaminated clothing and equipment is
disposed of or decontaminated in this zone.

8.5.4 Support Zone

A support zone will be established outside of the
EZ. This zone is considered free of chemical
and physical hazards and may be used for
observational purposes.

8.5.5 Decontamination Procedures

Decontamination of equipment shall be
conducted in the general work area. This
includes decontaminating or isolating equipment
before placing it in sampling vehicles.
Decontamination of sampling equipment shall
occur before removing PPE. Due to the nature
of the site and the scope of work, it is not
expected that decontamination of PPE or
personnel will be needed to protect worker
health. If personnel come in contact with
groundwater, the affected area should be
thoroughly washed with soap and water.

8.6 Emergency Response

Emergency procedures listed in this plan are
designed to instruct the field team in handling
medical emergencies.

8.6.1 Injuries
Medical problems that may occur on site need to

be handled competently and quickly. Each field
team member shall know the location and

contents of the first aid kit supplied to them.
Each field team member shall be aware of the
instructions and information given below.

* Know the emergency telephone numbers in
Table 8-3.

¢ Seek professional medical attention for
personnel who are not breathing, bleeding
severely, experiencing intense pain, or
unconscious. Each member of the site team
will know how to call for an ambulance (on
and off base).

* Chemicals or dust that get in the eyes should
be flushed out with water for 15 minutes.

* Do not remove objects that are stuck in the
eye. Always seek medical attention for eye
injuries.

e All burns (chemical or thermal) will be
treated by running cold water over the

affected area.

* Report all injuries to the project safety
officer and/or supervisor.

® In case of any emergency, Ellsworth AFB
Environmental Management must be
notified.

8.6.2 Emergency Equipment

The following emergency equipment shall be

available for immediate use. All field personnel

shall be made aware of the location of the

emergency equipment.

e Phone list and directions to the nearest
emergency care center;

o First aid kit;
® One 10-Ib ABC-rated fire extinguisher;
e Eye-wash station; and

¢ Five gal. of potable water.

ELLSWORT.DOC : 8-8

May 1996



Table 8-3. Emergency Phone Numbers

Emergency Agency

Phone Number

Base Contacts: Dell Petersen
John DeYoe
Larry Amburn

Police

Fire Response

Ambulance

Hospital: Ellsworth AFB Hospital - 28th Medical Group
Eleventh Street

Rapid City Regional Hospital
353 Fairmont Road
Rapid City, South Dakota

Medical Emergency 24-hour Toxicological Information Service
Center for Disease Contro}

CHEMTREC

Project Health and Safety Officer: Kim Worl, CIH

(605) 385-2675
(605) 385-2680
(605) 385-2680

4001

On-Base 117
Off-Base 911

7629

7630
3534 information

(605) 341-1000

(513) 421-3063
(404) 639-3311
(800) 424-9300
(916) 362-5332
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8.6.3 Emergency Phone List

Table 8-3 is a list of emergency phone numbers.

8.6.4 Hospital Directions

A map to the local city hospital is provided in
Figure 8-1.

The local city hospital address is:
Rapid City Regional Hospital
353 Fairmont Road

Rapid City, South Dakota

The Base hospital is located on Eleventh Street.
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9.0 SCHEDULE

The schedule for all activities related to this
pilot-scale test is presented in Table 9-1. The
schedule includes anticipated task start dates
and task completion dates, as well as a relative
scale of time in the event of an unforeseen
change in the schedule.
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Table 9-1. Ellsworth OU 11 2-PHASE Extraction Pilot Test Schedule

Cumulative Work
Days From Notice to

Completion Proceed to Task
Activity Start Date Date Completion
Prepare and submit work plan 28 March 12 April 15
Receive work plan comments 12 April 26 April 30
Complete and submit final work plan 26 April 6 May 40
Order/reserve: carbon drum, generator, tank, 12 April 6 May 40
sampling and measurement equipment
Install vapor probes and piezometers 6 May 10 May 44
Mobilize equipment 3 May 10 May 44
Set up for test 10 May 11 May 45
Run tests 11 May 25 May 59
Dismantle apparatus 25 May 26 May 60
Discharge water and return storage tank 25 May 26 May 60
Demobilize equipment and materials 26 May 27 May 61
Disposal of carbon drum and soil residuals 27 May 25 June 90
Review field and analytical data 27 May 25 June 90
Prepare and submit draft Technolog'y 25 June 26 July 121
Evaluation Reports: Ellsworth AFB
Receive comments 26 July 16 August 142
Prepare and submit final Technology 16 August 30 August 154
Evaluation Reports
Note: All dates are in 1996.
ELLSWORT.DOC 9-2 May 1996



10.0 REFERENCES

EA Engineering, Science, and Technology.
Remedial Investigation Report, 0U-11,
Ellsworth AFB, SD, September 1995.

Rust Environment and Infrastructure. Technical
Memorandum, Summary and
Recommendations for Further
Characterization of TCE Contamination at
BG-04, Ellsworth AFB, SD, 6 November
1995.

Rust Environment and Infrastructure. Seismic
Refraction Survey, BG-04/TCE
Investigation, Ellsworth AFB, SD, January
1996.

ELLSWORT.DOC

10-1

May 1996




APPENDIX A
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SOIL BORING NO: SB941103

SOIL BORING LITHOLOGY DIAGRAM

Depth (ft) Elevation (ft)
91 Asphalt S| ASPHALT. PID = 21.4 0.00 ft — 0.50 ft Depth. r 32120
< 4
oo
Fill %@ HARDFILL. PID = 21.4 0.50 ft — 3.00 ft Depth.
W S - 3210
A
RN
5_
ng ~ OLIVE Ssv 4{/?5 CLAYEY SILT, 55% SILT, 45% CLAY, >5% CARBONATE POCKETS,
PRODUCT STAINING FRESENT AT INTERFACE, SL MOIST. “PI0 =187 3.00 ft — 9.00 #t
pth.
Silt & Clay - 3205
104 NO RCOVERY. PID = 0.3 9.00 ft ~ 11.50 ft Depth.
e - 3200
— BROWN (7.5YR_4/4) SAND/CLAYEY SAND, W/ 15% V COARSE, SUB-A TO SUB-R
; THE SAND IS 30% FINE, 70% M—C; MOD SORTED, CLAY IS PLASTIC, MOIST, PID
7 11.50 ft — 14.00 ft Depth.
154 NO RECOVERY. PID = N/A. 14.00 ft — 16.00 ft Depth.
- 3195
Ssc) - OLMVE (SY 1{4) SAND/CLAYEY SAND—-SAME AS 11.5-14 FT INTERVAL, SL MOIST.
Sand & Clay ID"= 0.3 16.00 ff — 19.00 ft Depth.
20 1
NO RECOVERY. PID = N/A 19.00 ft — 22.00 ft Depth.
- 3190
$1s_r:) — SAND/CLAYEY SAND——SAME AS 16—19 FT INTERVAL WATER ENCOUNTERED AT 21.8
. PID = 0.7 21.00 ft — 24.00 ft Depth.
L]

ELLSWORTH Coordinates E: 1156213.97
AIR FORCE BASE N:129899.42
PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
RT HLB TRB/MG HLB NONE AUG/95 60378.90
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EA ENGINEERING AT ELLSWORTH AFB
WELL DEVELOPMENT RECORD

Well Designation __WWAY (1 O3 Development Technician = Seaith
Date Grouted . .
Date Development Started 8-1-94% Date development concluded B-1- Y

Length of Sandpack
Depth of Well ___23-08

Depth to Water __2)-15 Depth to NAPL -

Liquid Depth __1.33 x0.16 = _0.22Z _ (vol. of water in 2* PVC)

Liquid Depth __1.33 x4.07 = _S. % (vol. of water in 10" borehole)'

Vol. of water in 10 borehole (5.4 )- vol. of water in 2" PVC (_0-2Z ) = _5.14 (vol. of annular space)

Vol. of annular space ( 5.9 )x 0.30 = ( i.56 ) (vol. of water held in sandpack)
Vol. of water in sandpack (1:5& ) + vol. of water in 2" PVC (0.22) = (_1.18) (one well volume)

WELL GAL | TIME | pH .| CONDUCTIVITY TEMP TURBIDITY
VOLUME uMHOS o NTU
INITIAL 2 j0i5 | 1.48 1490 1.0 >71000
/ 4 io38 | 743 Isio 15.0 > 1800
2 b | iou8 |7-50 1500 14.9 Z71006
3 8 1058 1| 1.5 i 500 150 >7 1000
4 jo | 1107 | 7251 iS00 4.9 | »71000
3 i2 | 119 |[75) JS00 149 | >> 1000
b 14 | 1028 |75 isio i5.0 | >71000
7 i6 {1139 |7.92 1600 8.6 | >v000
8 18 |H5% |71.55 1550 | /6,0 | 271000
9 20 {1204, |75) /5710 is.o | >2i000
10 22 | 1219|757 1Sio | 149
Endl hard bayliv g - Surﬂinﬁ comp \bte

Total number of gallons removed 272 Average pumping rate N l A
- Equipment used _Hand bailec Number of drums generated
Comments:

' If the height of the sandpack is greater than the liquid depth, use the height of the sandpack to determine the vol.
of the 10" borehole. ’ '




EA ENGINEERING AT ELLSWORTH AFB
WELL DEVELOPMENT RECORD

Well Designation MIaH1103 Development Technician J. Smith
Date Grouted
Date Development Started __8-) - 4'f Date development concluded ___&-~1~ 3 %

Length of Sandpack
Depth of Well

Depth to Water _ Depth to NAPL
Liquid Depth x 0.16 = (vol. of water in 2" PVC)
Liquid Depth x 4.07 = (vol. of water in 10" borehole)"
Vol. of water in 10" borehole ( )- vol. of water in 2" PVC ( )= (vol. of annular space)
Vol. of annular space ( )x 0.30 = ( ) (vol. of water held in sandpack)
Vol. of water in sandpack ( ) + vol. of water in 2" PVC (. ) = (_1.78) (one well volume)
WELL GAL TIME pH CONDUCTIVITY TEMP TURBIDITY
VOLUME uMHOS C NTU
HETAL 22 1315 BOJ}(Y\ continaous | pumsip
1 F 7
i 24 | i320|7.37 i700 19.5 271000
1z 26 | 1330|19%| 1690 18.7 | =7 1000
(Y4 28 | 1340|738 1430 /8.0 469
215 | 30 | 1347|745 1650 17.8 3.10

5’2’;} w.L| 2177 f

Total number of gallons removed 30 Average pumping rate 2.5
Equipment used 2” sub. Brundfos Nuinber of druins generated {
Comments:

VIf the height of the sandpack is greater than the liquid depth, use the height of the sandpack to determine the vol.

of the 10" borehole.
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ELLSWORTH AFB, SOUTH DAKOTA Rl 1994
WELL GAUGING, PURGING AND SAMPLING SHEET

i
i
WELL INFORMATION
' Well No. 2wy 1/03 Date: /5/Avg /7%
Gauger: J'.L.LJ- Time: _0%00
l Well Diameter: _&" Sounding Method: _&/.4. L
Stickup orI'T:Es_h—? Measurement Ref. 7. &. C.
I GAUGING AND PURGING
l Well Depth: _23. 0% Purge Method: 2 Red! FZQw
Depth to Liquid: . Purge Rate: _0.35 2// a
1 l Depth to Water: _22/. 72 Purge - Time: 0938 =2 /030
‘ Liquid Column: /-32 Purge Volume: $.28&
l Liquid Volume: _ /- 76 X 3
Pump Dry? Describe: A4
I
SAMPLING INFORMATION
I Sampler:__: Smith Date: 3_//5/4#. Time:____11%5
splitz__No With - Whom? —
l Type of Sampllng Equipment: : -
Sample . Analyte @l WI TCK/OCO peai% PesUPCB | &T’lals Total/Dissozd K Others >
| Ptyels Bl Gt
_ WATER QUALITY N
l GAL " PH TURBIDITY CONDUCTIVITY | DISSOLVED OXYGEN TEMP
Initial:___/.0 6.8 — /6RO /8.0
l Vol-1:__J2-0__ 4.7 —_— /680 /9.0
vol-2:__%.0 6.S% - /6 bo 12.5
l Vol-3:__-0 %.79 - /6 o /9.5
@ Sample: 2.94
' COMMENTS (Well condition, Weather, etc):
£.0 684 7.9% /6 8o /9.5
l /0.0 6.88 4. 88 /6 %o Do.o0
/2.0 6.78 598 70 Ap-o
/4.0 6.81 685 /680 Ho.o
Vo i ov s 430 6.0
| Fe om s L 20. 6
Lo.o 6. £9 3.9 /6 0 6. D




SOIL BORING NO: SBS41104
SOIL BORING LITHOLOGY DIAGRAM

Depth (ft) Elevation (ft)
07 Asphalt o ianee:] ASPHALT 0.00 ft — 0.50 ft Depth. - 3212.0
\ > 7
Gravel PP 2] (GW) ~ RED (7.5vR 5/6) SUB-BASE AGGREGATE. PID = 74.1 0.50 ft - 1.50 ft Depth.
P00 Q00 (
- 3210
; ML) — V DK GREYISH BROWN (10YR 3/2) SILTY CLAY W/ 5% F—SAND; SL MOIST,
5 - Silt & Clay D NATE Ree Py THROUHOLD S S AN ot Depth.
- 3205
104
(scg — YELLOWISH BROWN (10YR 5/6) CLAYEY SAND W/ 5% ROUNDED PEBBLES; MOIST. PID
= 35 B8.00 ft ~ 15.00 ft Depth.
~ 3200
Sand & Clay
15
S&‘g) — YELLOWISH BROWN (10YR 5/6) CLAYEY SAND, 45% GRAVEL, S5% SAND W/ CLAY;
. UNCONSOLIDATED, SL HYDROCARBON ODOR AT 16FT. PID = 1.6 15.00 ft — 18.00
ft Depth. "t 3195
i CL) — DK YELLOWISH BROWN (10YR 4/4) SILTY CLAY, MOIST, SOFT. PID = 1.6 18.00
204 Silt & Clay {0 S K oy ( /4)
- 3180
el
ﬁe)— — BROWN (10YR 4/3) SANDY CLAY, WET, CLAY HAS HIGH PLASTICTTY, FE STAINS
Sand & Clay ROUGHOUT; 10% SUB—R GRAVEL TOWARD BOTTOM. PID = 1.5 2200 ft — 27.00 ft
25 - Depth.
AR D

ELLSWORTH
AR FORCE BASE

Coordinates E: 1156003.88

N:129733.05

DRAWN BY
TRB/MG

CHECKED BY
HLB

SCALE
NONE

DATE
MAY/S5

PROJECT NO
60378.90

FIGURE




WELL NO: MW941104 (SB941 104)
l WELL COMPLETION DIAGRAM
l Well Cap Reference Elevation — 3212.41 ft Top SS
Concrete Seal Ez)s’cends
from Approx. 12" Above - . .
Bottom of Protective Ccsing 6 1/4’ Steel Cover with Steel Skirt
| l to 6" Above Ground Surface
. 7 ft. Long, 4 in. Square
Slope 1/4" /tt. Protective Steel Casing
I — Match Existing Paving
Depth (ft) .
| 01 i -—rws oo - osroem | s B (OO ]—;A AR Y 3213.0
| (G40 - FED (T5NR 5/6) SUB-BASE AGGRECATE. PlDL'“_R:‘I'_E,. L . s *;“ﬁ- £
1 BB AN
- .- Concrete Seal - 3210
- » from surface to 6.0 ft
ML) - V DK GREYISH BROWN (10TR 3/2) SILTY CLAY W/ 5% i i
~SAND; SL MQIST, CARBONATE PRECIP PRESENT THROUGHOUT. . =
5- PD=193 15 - 8.0 ft DEPTH : . ‘
' % Cement—Bentonite Grout
¥ ; from 6.0 to 12.0 ft
Stainless Steel Riser - 3205
Casing from —0.57 ft above
original grade to 16.0 ft
104 »
l R ) = Yﬂ.LOMSH BROWN (‘IOYR 5/5) QAYEY SN{D W/ 5%
DED PEBELES; MOST. ~1son
Bentonite Pellets - 3200
l from 12.0 to 14.0 ft
154
3 s t YELLOWISH BROWN (10YR 5/6) CLAYEY SAND, 45X
| l RN Boon Ly G4, DRy UNGONSOLIDATED. =L o Gradational Filter Pack, 10—-20
| Sand 14.0 to 27.0 ft
- 3195
20 G 85 TUTSIETLAIR A e
X 2 in. 1D. 0.01 in.
l § Water Level =% Stainless Stee Screen
b3 from 16.0 to 26.0 ft
: , (CL> """" ' - 3190
1| | semommennmenn
P 25 - PD = 1.5, 220 - 27.0 ft DEFTH - .
= i _— Threaded Stainless Steel
| 3 Cop at 26.0 ft
1
l % Gauging Dote 2023 Borehole Depth ot 27.0 ft, . |
&= (Note: Frost Depth = 60° Not to Scale
| =g
7
‘ [ ELLSWORTH Coordinates E: 1156004
‘ : §§ AIR FORCE BASE N: 129733
)= |
| % a PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
| l 2% RDT - HLB/MG T™O NONE OCT 94 60378.90




EA ENGINEERING AT ELLSWORTH AFB
WELL DEVELOPMENT RECORD

Well Designation Mukid 1o Development Technician ___J- S} th
Date Grouted

Date Development Started __ 8- /-4¢ Date development concluded 8-2 "?Lf'
Length of Sandpack __/Z.0"

Depth of Well 25,72

Depth to Water ___24-55 Depth to NAPL N/A

Liquid Depth __5./7  x0.16 = _2-83 ___ (vol. of water in 2" PVC)
Liquid Depth __5.17 x 4.07 = __21.2%  (vol. of water in 10" borehole)'
Vol. of water in 10" borehole (_Z2!:0Y )- vol. of water in 2® PVC ( 2.83 y= 202/ (vol. of annular space)

Vol. of annular space ( 20.21 yx 0.30 = ( 6.0b ) (vol. of water held in sandpack)
Vol. of water in sandpack (%-0& ) + vol. of water in 2" PVC (£-23 ) = (£:27 ) (one well volume)

WELL GAL | TIME | pH | CONDUCTIVITY TEMP TURBIDITY
VOLUME uMHOS c NTU
INITIAL pA (500 |7.58 1700 /95 >> ]060
{ 7 i5ls | .60 /1510 15,2 >3 1000
YA | 1524 | 7.460 /500 I?f.q | >71000
3 21 | 1540|757 /1520 15.0 | >> 000
i 28 | 1554|758 157D 14.9 | >>i000
5 325 | /604|759 1500 13,9 | »>1000
7 vz | b2t |72.521 . islo o | »7 1000
7 Y9 | it3 |7.69 /1510 13.5 | >7 1000
8 56 | 1591 7.67] /&)0 JQo | 771000
57‘0}7 harkd - bail »'r\ch £ Juq iv\c}
Total number of gallons removed St ' Average pumping rate N|A
Equipment used _Hand _basler Number of drums generated __|
Comments:

' If the height of the sandpack is greater than the liquid depth, use the height of the sandpack to determine the vol.

of the 10" borehole.
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EA ENGINEERING AT ELLSWORTH AFB
WELL DEVELOPMENT RECORD

i

Comments:

" If the height of the sandpack is greater than the liquid depth, use the height of the sandpack to determine the vol.
of the 10" borehole.

l Well Designation ___MWAQY 1104 Development Technician J. Smith
Date Grouted ,
Date Development Started 8-1-9% Date development concluded 8-2 -9
Length of Sandpack
Depth of Well
Depth to Water Depth to NAPL
Liquid Depth x0.16 = (vol. of water in 2" PVC)
l Liquid Depth x 4.07 = (vol. of water in 10" borehole)’
Vol. of water in 10" borehole ( )- vol. of water in 2" PVC ( ) = (vol. of annular space)
Vol. of annular space ( )x 0.30 = ( ) (vol. of water held in sandpack)
Vol. of water in sandpack ( ) + vol. of water in 2" PVC ( ) = ((6-87) (one well volume)
l WELL GAL TIME pH CONDUCTIVITY TEMP TURBIDITY
VOLUME uMHOS C NTU
l INITIAL Z | 0835 |78/ 1700 8.8 >? 1000
J 7 | 084817.28 1580 1.7 IS
l 2 14 | 0906|7.27 o100 j8.6 iz 7
3 21 | 09241729 [P /7.0 | 607
r i 28 | 094> | 7.30 (SO 9.2 3.5,
‘ 571'0.0 W.L~ 20 .‘.;‘j
. T
]
Total number of gallons removed g 4 . Average pumping rate ___ 2 2 apwm
Equipment used _2" Sub. Grundfos Number of drums generated ___ 2




|
ELLSWORTH AFB, SOUTH DAKOTA RI 1994
WELL GAUGING, PURGING AND SAMPLING SHEET I
WELL INFORMATION g
Well No.: _ 77« -G4y104- Date: _/val 03[ 9y
Gauger: _Jiw Time: _/30%
Well Diameter; _ <X ! Sounding Method: L. F P
Stickup oﬁlush \, Measurement Ref.: '7/"’-5
N
GAUGING AND PURGING
‘Well Depth: 35 9o Purge Method: HAND BH;L h
Depth to Liquid: Purge Rate: h
Depth to Water: B0, St Purge Time:
Liquid Column: 5. 3é Purge Volume: /Y-S5 ngL
Liquid Volume: 7 1¥ ll
Pump Dry? Describe:_ A
| L
SAMPLING  INFORMATION C:!
sampler:__ I £.. é0): Date: Aty 03] 9 Time: /405
spiit?__ Ao With Whom? l
Type of Sampling Equipment: Lsp Zliie
Sample Analyte| TPH | TCL Q/O_/? I TCLSVOCS | TCL PestPCB | Melals Total/Dissolved | Others .
WATER QUALITY _
GAL " PH TURBIDITY CONDUCTIVITY DISSOLVED OXYGEN TEMP l
Initial: /7.5
Vol-1:__ 74t | 7e3 | — — = | /&R0 3.9 A l
Vol-2:__/%. 0 6.3 /é’i?(‘ . ! /6.5
Vol-3: l
@ Sample:
COMMENTS (Well condition, Weather, etc): , '
T o SNRFIENY R AR AT WS S0 e a2 ST {
= ]
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ELLSWORTH AFB, SOUTH

DAKOTA Rl 1994

WELL GAUGING, PURGING AND SAMPLING SHEET

Gauger:

Well ~ Diameter:

Stickup or ' Flush

: WELL INF_ORMATION
well No: 29wy} 04 Dale:
JLw Time:
1t
2 Sounding  Method:

Measurement Ref.:

/6 /nua |9y

1245

L. L.

7. 0. C.

GAUGING AND PURGING

Sample Analyte

U 5
“Well Depth: __25.70 Purge Method: - Kedi- Flocs
Depth to Liquid: Purge Rate: 0,_5_7/'-*
Depth to Water: 20.87 Purge Time: /R5S —> /244
Liquid Column: 5./3 Purge Volume: _</. 0
Liquid Volume: 7.0 X 3 )
Pump Dry? Describe: /1/0
L SAMPLING  INFORMATION
wampler: J. Smith Date:_8-16-9% Time:__/Z %
splitz____No With  Whom? —
Type of Sampling Equipment:- Peciste Itic

(TP ACLVOADI TCLEVOCS) | TGl PestPCB | MEGls TolalDissoled

WELL GAL. TIMIE pll CONDUCTIVITY TEMP TUIgBlDlTY
VOLUME - uMHOS C NTU
INITIAL Lo | /258|705 /9%0 A5 -
.ol /308|786 /650 198 95.3
Jiol 13281709 /420 J9.5 | 23.7
2l.0| 1343 | 7oH /& 2o 20.0| 495
220|504 |1.2i| [B20 ib.o Y2 b p.o. D 5.3
isi7 ]2
is20 3.i8




DRAWING NAh... <\ HORIZONS\NEW\ OU1 1\WELLS\ MW941120
nm:m/oﬂmoar\ nuaomem \

WELL NO: MWS41129
WELL COMPLETION DIAGRAM

Well Cap

Concrete Seal Extends

from Approx. 12" Above
Bottom of Protective Casing
to 6" Above Ground Surface

Slope 1/4" /ft.

Reference Elevation — 3210.62 ft Top SS

6 1/4" Steel Cover with Steel Skirt

7 ft. Long, 4 in. Square
Protective Steel Casing

— Match Existing Paving
Depth (ft)
O_ - ¢- .ay’ ‘A;. A N T a- 3211.0
l . b ‘. :-A '.:'.’-."“';:: ';'s"':..l.'
()~ EROWN (7.0VR' &74)" TS SAND, w/mtmmcmva.. s s, ‘] A R 13210
0.0 ~ 20 ft OEPTH N - W
. [
o Sastame. TRAE. AOUNDED” CRAVEL, WELL SORTED, : s E“ Concrete Seal
STRONG HCL REACTION, ORY.  PID = 02. 2.0 - 5ot < . from surface to 6.0 ft
1 Samanne e s |8 B
s{nz:ucm, DRY, lsu:r 40X, CLAY 60X). PD = 03. 5.0 y . ‘ - 3205
- Y Cement—Bentonite Grout
3 : from 6.0 to 14.0 ft
SW) — YELLOW (10VR 6/6) SAND. COMRSE W
k NS, 60X SAND, 20% an.&lslb - éo L . .
10.0 ft DEFTH 2 in. dia. Stainless Steel Riser
10- Casing from —0.34 ft cbove
S el ol FU R e e ) original grade to 18.0 ft
?g‘oom:\'mngfmmw SOXGRAVEL) P10 = 08. - 3200
snax%)%m::“su BRowN (1 5/1) CLAYEY SILT (30 CLAY,
NDED GRAVEL & R B e qu—n.
POORLY SORTED, ORY, (70X SAND, 30X wva.) T e b,
15+ - Bentonite Pellets
from 14.0 to 16.0 ft L 3195
(CL) — YELLOWISH BROWN (10YR 5/4) SILTY CLAY (40X SILT,
80X CLAY), MOD ORY
SEVERAL AND TRACE COARSE SAND, STRONG
HCL REACTION, MOST. PID = 03. 15.0 — 20.0 ft DEPTH
Gradational Filter Pack, 10-20
A 4 Sand 16.0 to 29.0 ft
20 - Water =
- 3190
(30 5THEIRN L ST o, 0% s,
TO SUB-A, LOW PID = G.3. 20.0 - 250 ft . .
DEPTH 2 in. 1.D. 0.01 .n.
Stainless Stee Screen
from 18.0 to 28.0 ft
251 o YELLOWISH BROWN (10TR 3/6) GRAVEL, TRACE SARD
90% GRAVEL, 10X SAND), WELL SORTED, WET. PID = 0.7.
g_-.o 265 #t DEPTH - 3185
- - _—— Threaded Stainless Steel
§E%0_,00% SIS /1) WEAHERED SHALE PO = 04 Cap at 28.0 ft
Gauging Dote 20—Jul—83 Borehole Depth at 29.0 ftNOTE: Al Features
2|Note: Frost Depth = 80" Not to Scale
ELLSWORTH Coordinates E: 1156254
AR FORCE BASE N: 129637
PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
RDT - HLB/MG T™MO NONE OCT 94 60378.90




EA ENGINEERING AT ELLSWORTH AFB

WELL DEVELOPMENT RECORD

Well Designation /‘74) ?‘/ / / 251 Development Technician 44/1«»-—%,\_,

Date Grouted 3-18-9¢ /

Date Development Started _$ =14 Date development concluded g / =2 ( /7 “f
Length of Sandpack | =+

Depth of Well 272,19 ‘

Depth to Water 2. |5 Depth to NAPL

Liquid Depth __"2.04 x0.16 = __1. \ (vol. of water in 2" PVC)

Liquid Depth ___ 7,08 x4.07 = _2%,7 (vol. of water in 10" borehole)’

Vol. of water in 10" borehole (_ 28,7 )- vol. of water in 2" PVC (__[. 1 ) = 2’7,(9 (vol. of annular space)
Vol. of annular space ( 2.3 )x0.30 = ( S i ) (vol. of water held in sandpack)

Vol. of water in sandpack (_ 2. ) + vol. of water in 2" PVC ( 1.4 ) = (A.S) (one well volume)

WELL GAL TIME pH ~ CONDUCTIVITY TEMP TURBIDITY
VOLUME uMHOS (o} NTU
INITIAL O | 90219 b [DSO [G. 7 > (ooo
( 19.5| T%17el  J5 02 J4. 2] >0
2 s Al 154ae |44 | 7 |eoo
2935105918, 1S5S0 oV > 1
4 |23 L2794 155D /4.5 > js00
5 1 F945571737 1900 243 | 429
e AR ' O 35 | B2
1 bS50 269 (850 | 2Z59] 24.7
8 v s |\74ll o0 2531 4.9
9 __1355\p:28 [0.57 100 249 | 4492
1D 95 |J7:2[7.56 1975 R I
[} Yodslgeeiner G0 | R4.0| 45
Total number of gallons removed ___/ 0 N Average pumping rate __ C-0 7 ?«Q/ At Q.FPV 0¥,

s Number of drums generated T =
La X i1

Equipment used

Comments

=y dza(/,am T Lroan = 20,38 S+

! If the height of the sandpack is greater than the liquid depth, use the height of the sandpack to determine the vol.
" of the 10" borehole.
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. ELLSWORTH AFB, SOUTH DAKOTA 1 } l
WELL GAUGING, PURGING AND SAMPLING SHEET .
WELL  INFORMATION
Well No. _Mwdy4lizg Date: __4/5/9Y
Gauger: _J. Smith Time: 0940
Well Diameler: __2 Sounding  Method: W.L-I
Slickup  or &Esh Measuwicimenl  Ref.: 7.0.C.
GAUGING AND  PURGING
Well Depth: 28.16 Puge  Method: 2*sub Grundfos
Depth to Liquid: ___ _ Purge Rale: _< /2 gpm
Depth to Water: ___22-07 ) Purge Time: f
Liquid Column: __ _Q;Dj__ PmJe Volume: .
22.93 - §.29 = 3Bi.u4 !
Liquid Volume: 2.18 Q.44 +1.29 = 10,78
Pump Dry? Describe:_ . _ L o h
et e R i
i SAMPLING IFHIFORMATION .
ampler:__~J._Smith bate:_915]aY Time:___ /622 i
Spiit? < Yes with  Whom? _— £IRD LE\ '
Type of  Sampling lquupmcnl ?€r75'fui'ﬁa o 2 — 5
Sample Analyle l_él—-l _O;D‘\ W— ‘IC_' CB | Melals Tgl@lORsolved | QWED> '
poP3 4 MRD 3 performed. (MwWRRIIMRDS 5 V\,quHDbPS >¢

() Grundfes purgimg Compiere )

Begim peristaltic  purgng -

| WATER QUALITY .. C— co’ |
WELL GAL | TIME | pH CONDUCTIVITY TEMP TURBIDITY Q. Co(}a k,
VOLUME ulMIOS C NTU
Sraet 09495 — = = - ;
INITIAL 2 0550 |6.862 1660 184 | >»iooo i
i I lo13 |7.09 1500 i4.1 22.0 I
2 22 1037 |7.10 isoc 4. b i0.3 :
3 33 | nos |699 i505 i.7 7.35
1 yg | f3j {7.06 i510 it.8 .12
5 | 55 | jis5 |7.01 i512 148 .87
(2) l‘fOO . !
5.5 40 | 1918 |7.23 1520 .7 5.49 '
_f_tfzs +4.35 :
|SpMPLE DO= ¢./3 l



i SOIL BORING NO: SB9411120 /G"W'TIHWQ
l SOIL BORING LITHOLOGY DIAGRAM
Depth (ft) | ‘ Elevation (ft)
l 0- - 3212.0
e (OLOH) - V OK GREY (1OMR 3/1) SILIY CAY, ORGANC N NATURE. v MOIST, ROGTS
| I o RESENT, STIFF, MOD-HIGHLY C. PID = 0 0.00 £ = 2.00 ft Depth.
| B 2 o - Lagno
| Silt & Clay  [ooar |
I relidvreetd gg:nLML) — DK GREYISH BROWN (10YR 4/2) SILTY CLAY, DRY-SL MOIST, ROOTLETS, V
. e FF, FIRM, TRACE SAND, 25X CARBONATE PRECIP PRESENT. PID = 0 2.00 ft — 6.00
ft Depth. . 4
N
l - 3205
Sand & Clay B L s vty M ob Piagne Trace R A7 F 510 =
l 0 600 ff — 10.50 ft Depth.
l 10
ORSDDAS foosc) ~ DK YELLOWISH BROWN (10YR 4/4) SANDY CRAVEL I CLAY MATRIX, SAND, IS MED,
{CULAR; GRAVEL IS F—C, SUB-—R; CLAY IS MOIST-V MOIST, SATURATED AT 13 FT, SOFT,
l & HIGHLY PLASTIC. PID = 0.2 10.50 ft — 13.00 ft Depth. L 3200
d &
' PRNCR | -
Sand & Grave! ‘ NO RECOVERY. CUTTITINGS INDICATE SAME AS ABOVE. 13.00 f& - 15.00 ft Depth.
l 15+ ;
g SICCSC? ~ SAME AS 10.5-13 FT INTERVAL. SATURATED, FE CONCRETION AT 18 FT. 15.00
— 18.00 ft Depth. .
l - 3195
e
gl Byl
Tt
l Tty . _
’ Ty 3 FRACTURED, —NOT : :
20 F. SHALE s ] LR T L o ™ 550k U000 T Deptn, ) S UATED: FE OXIDE STANNG
l Ewnren
ETta
=Rt
i .
l ELLSWORTH Coordinates E: 1164067.05
AR FORCE BASE N:133963.08
l PROVECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE QATE PROJECT NO FIGURE
RT HLB TRB/MG HLB NONE APR/95 | 60378.90

[




DRAWING NAs..' \HORIZONS\NEW\OU1 1\WELLS\ MW041148
DAEDaton ioos - \HORZONS\NEWA OUT1

WELL NO: MWS941148 [SB9411120]
- WELL COMPLETION DIAGRAM

5 ft. long, 3 in. dia.
Protective Steel Post
Extend 2.5 ft. below

Hinged Locking

Reference Elevation — 3215.40 ft Top PVC

. Steel Cover Riser Casing
grade (3 Typical) PVC Expanding a
Placed in Concrete Well Cap Z x 6
Min. 6" Ext. Above Frame
Ground — 127
Gravel Covering 2.58 Outside Diameter
Bentonite Pad + 3 Concrete Collar
. i‘.: .:Y...-
Depth (ft) Z' min. _ N3 v Elevation (ft)
‘ UL r: v 4
0 - 7/@{;;] l-'i;; 7 S _ d 3 2 Y/@:J I-.".f; r3212.8
e ¥ -] & min. Post Hole '1 o+
(OH) = V DK GREY (10YR 3/1) SILIY CLAY, ORGANIC IN 4 %! Filled with.Concrete Y 1
:Tm&% oo o0 2.0 ft moo-nm.\« 3 Y1 Inner Bentonite Seol—\-s,‘i',] [,‘
5 v ] L
4 = Concrete Seal L 3210
B ¥ from surface to 6.0 ft
eV - oK GREVISH BROWN r‘um 4/2) SILTY CLAY, DRY-SL -‘ Y.
MOIST, ROOTLETS, V £ SAND, 5 -
TE PRECE PREGENT, 910 = 6. 202" 8.0 # - v
54 Cement—Bentonite Grout
from 6.0 to 7.0 ft
2 in. dia. in. I.D.
Schedule 40 PVC Riser
Casing from 2.58 ft above
(s0) — o (1o A3 S G, Wy 0-1x suT original grade to 11.0 ft L 3205
Al i :u"?zoo < TRAGE GAVE W 7 7T P = Bentonite Pellets
from 7.0 to 9.0 ft
10+
Sl S e e oA B P s Gradational Filter Pack, 10-20
HGHLY PLASTIC. PID = 0.2. 105 ~ 13.0 ft DEFTH Sand 9.0 to 22.0 ft
- 3200
" (NSNR) ~ NO RECOVERY. CUTTTINGS INDICATE SAME AS
ABOVE., 13.0 ~ 15.0 ft DEPTH
154
2 in. I.D. 0.01 in.
o NE 5 J0s—13 FT NIERVAL, _SKTURATED, FE Stainless Steel Screen
from 11.0 to 21.0 ft
~ 3195
(FSH) ~ V DK GREY (2.5Y 3/1) SL SHALE,
20  MOIST~NOT SATURATED; FE GXDE STANING THROUGHOUT. PID
= 0. 180 - 220 # DEPTH ] _—— Threaded Stainless Steel
Caop ot 21.0 ft
Gauging Dats Borehole Depth ot 22.0 ﬁNOTE: Al Features
Not to Scale
ELLSWORTH Coordinates E: 1164067
AR FORCE BASE N: 133963
PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE ' PROJECT NO FIGURE
RDT - HLB/MG TMO NONE OCT 94 60378.90




EA ENGINEERING AT ELLSWORTH AFB
WELL DEVELOPMENT RECORD

: 9 ' [ i {
Well Designation Mgy !l q J/ D=velopment Technician B S""“[2 { [, KUX AGavS
Date Grouted i :f}‘/f 1/ 9¥ /
Date Development Started __/22/ ﬁ _.?// 7 Date development concluded 2 (2.3 OL/
4

Length of Sandpack __ /2 A °
Depth of Well __2.2. o *
Depth to Water / 2, ¢7 Depth to NAPL
Liquid Depth 8 ATx0.16 = 1,28  (vol. of witer in 2" PVC)

Liquid Depth __ f. 8 ® x4.07 = 32.6%  (vol. of witer in 10" borehole)!

Vol. of water in 10" borehole (32.6¥)- vol. of water in 2 PVC (/.28 ) = 3L40 (vol. of annular space)

Vol. of annular space ( zf‘Lfgx 0.30 = (Q. l‘{l ) (vol. of water held in sandpack)
Vol. of water in sandpack (3.‘-[ 2) + vol. of water in 2" PVC ( L 2%) = ((2_)‘70) (one well volume)

WELL GAL | TIME | pH | CONDUCTIVITY TEMP TURBIDITY
VOLUME WAHOS C NTU
INTIAL [ Lo |Jo1s 621 1050 25 .0 looo

Semale® 1 107 |Ip30 1465|950 25.9] 39.6
Samp(e¥2 07 |loYg 6511 9so 25.0 2.6
Sarnlo® 2 103 (l1co |159] - 980 25.0 4.1 3
S fe® i |07 | 1015|757 g5 2.0 (Y
| :'-,.,i'p 25 Yo7 |I15x |7.6! fooo 28,0 (3
g;,‘;;,.-', 2l /0.7 | /42 | 755 ¢is 25,0 o7
Total number of gallons removed _6 7+ 2— Average pumping rate O« 8.1 4 Pr~

Equipment used Groudtoy Pos )7 PE, Grd v ctuTy=~Tore T, F=Ters  Number of drums generated __3
~ pl
Comments: _P& Co(-Slopea7.3

GI‘ ;;-ﬁ.é+0¢ Pc)})\-n Rafa = (0O

. . — " T - - =AY Q - N r
No; S . 2uSlLo:T TerMmp cﬁ:‘:_-_-,:,\ T Mane spnn oo P4 /'M’,-'—’f') fw eprror. Meazured ;’.—y,.,p
.
3 0

— B

N [ = —
o0F 140 F. 2" C i, TA CTordueTiy Ty e TTRT

UT the height of the sandpackis grenter than the Henld o use the height of the sandpaci to determine ™= ol
of the 107 borzhol:




- ELLSWORTH AFD,
WELL GAUGING, PURGIMG

SOUTHE DAKOTA Rl

1994
AND SAMPLING SHEET

' WECLL INFORMATION
Well No: _MwaHIYE o Date: __t[r]95
Gauger: __J- Smith Time: ins
Well Diameler: __2" , Séunding Method: -W.L.T.
STy or Flush Measurement  Ref.: TJ.0-C-
GAUGING AND  PURGING
Weli Deplh: 23.64 Purge Melhod: __ Pershitic
Depth to  Liquid: Purge Rale: _ <1 9pm
Depth to Water: 14.1& . Purge Time: -
Liquid Column: 9.48 Purge Volume:
Liquid Volume: 12.64 g:;g%é(%?;: .1332:-38 [;3:7,203.%55;):.,;4’,:;
Pump Dry? Describe:_- . _3858‘/52 S 37es
: . SAMPLING  INFORMATION
Sampler:__J. Smith Date:. i}"fj':i5 ,Time:' iHoO
Split? No . With  Whom? —
Type of Sampling Equipment: i '

TCCPesUBPEB | MelalgTolalDissdved | Others

WATER  QUALITY

GAL Fil TURBIDITY CONDUCTIVITY DISSOLVED OXYGEN TEMP
2} Initial: 2 &.05 >7 j0CO 1020 - 1.3
$1vol-1: 13 1.3 | 4.5 959 - 1.2
28\ o]-2: 26 ‘7,8%” B 0.‘7_ .?_50 - s
wivol-3i____31__| 1.8 _ 0.5 ___1so 750 10.9
@ Sample: 7.8 0.5 95 9.5 /o.9

COMMENTS (Weil conditics, Weather, etc):

- .. N

Good locked PacHy CJbudly‘ Yooy

- e e e - - e {ien  oee



APPENDIX B
Microseeps Analytical Method AM4.02
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ANALYTICAL METHOD AM4.02

ANALYSIS OF VOLATILE ORGANIC COMPOUNDS IN SOIL GAS

1.0 _Scope and Application

1.1 Method AM4.02 is used to determine the concentration of
volatile organic compounds in soil gas samples. Specifically,
Method AM4.02 may be used to detect the following compounds:

pentane

hexane

heptane

octane

nonane

decane

chloromethane

vinyl chloride
1,1-dichloroethylene
methylene chloride
1l,1-dichloroethane
1,2-dichloroethane
trans 1,2-dichloroethylene
chloroform
1,1,1-trichloroethane
carbon tetrachloride
trichloroethylene
tetrachloroethylene
1,1,2,2-tetrachloroethane
1,3-dichlorobenzene
methyl t-butyl ether
undecane

tridecane

pentadecane
heptadecane

benzene

toluene

m & p-xylene

o-xylene

ethyl benzene

freon 113

bromomethane
chloroethane
fluorotrichloromethane
1l,2-dichloropropane
bromodichloromethane
cis 1,3-dichloropropylene
trans 1,3-dichloropropylene
1,1,2-trichloroethane
chlorodibromomethane
chlorobenzene
bromoform
1,2-dichlorobenzene
1,4-dichlorobenzene
acetone

2-butanone

dodecane

tetradecane

hexadecane

octadecane

1.2 This method is recommended for use by, or under the
supervision of, analysts experienced in the operation of a gas
chromatograph and in the interpretation of a chromatogram.

2.0 _Summary of Method

The volatile organic compounds are analyzed using a Hewlett
Packard Model 5890A Gas Chromatograph in conjunction with a Tekmar
Model 7000 Automated Headspace Sampler and an H.P. 3396A Networking
Integrator. A Supelco, 60M x 0.75mm i.d. Vocol, wide bore capillary
column is used in conjunction with an output splitter connected to
an electron capture detector and a flame ionization detector. The
integrator is interfaced to a microcomputer for data storage and
processing. Data transfer and analyses are facilitated using a
chromatography data system (Chrom Perfect, Justice Innovations).

MICROSEEPS




3.0 Interferences

3.1 Contamination by carryover can occur whenever high-level
and low-level samples are sequentially analyzed. The Tekmar 7000
provides continuous flushing of the sample loop and sample valve
while in the standby mode between analyses. This flush flow should
be maintained and the sample valve and loop should be kept heated.

3.2 The analyst should demonstrate the absence of carryover
contamination by analysis of the contents of the sample loop when
purged with pure nitrogen. This demonstration should be performed
prior to the analysis of a sample set and when carryover
contamination is suspected (after high samples). In the event that
‘ghost peaks’ (peaks similar to previous sample) appear when a pure
nitrogen sample is analyzed measures should be taken to eliminate
the carryover contamination.

3.3 Extra peaks in a chromatogram can be actual peaks from a
previous run. Contamination from late eluting peaks can occur when
injection to injection time is too short or when the column
conditioning program described in section 3.4 is not adequate. The
HP 5890A is equipped with a temperature programmable oven which can
be utilized to minimize this interference.

3.4 The analyst should be certain that all compounds have
eluted from the previous analysis prior to analyzing any sample or
standard. This can be accomplished by elevating the oven
temperature after an analysis until such time that a clean stable
baseline is obtained. If samples or standard chromatograms contain
suspected ‘extra peaks’ the sample should be reanalyzed after a
clean baseline is established.

3.5 Other interferences that affect the sample analysis can
come from sample vials, vial septums, needles and equipment used to
collect the sample. Before and during sample analysis, sample
blanks (evacuated vials filled with high purity nitrogen, and
sample vials from the field filled with ambient air) should be
analyzed to assure the absence of interferences.

4.0 _Materials and Equipment

4.1 Sample vials: 22 ml glass vials (Hewlett Packard #9301-
0716 or equivalent). Vials should be free of all interfering
compounds prior to use. This can be accomplished by washing and
rinsing with hydrocarbon free water followed by heating to 100
degrees C for 1 hour followed by purging with pure nitrogen.

4.2 Septums: Teflon 1lined septums (Wheaton #224168 or
equivalent) may be used.

4.3 Gas Chromatograph: The Hewlett Packard 5890A Gas
Chromatograph is equipped with a Supelco, 60M x 0.75mm i.d. Vocol,
wide bore capillary column connected to an electron capture
detector and flame ionization detector.
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4.4 Headspace Sampler: A Tekmar (Model 7000) equipped with a

.Tekmar (Model 7050) automated carrousel is used. The carrousel

contains 50 slots for headspace vials. The vials are automatically
transferred from the carrousel to a platen where they are heated
for a preset time prior to injection. The headspace sampler also
contains a heated sample valve, heated sample loop and heated
transfer line to facilitate transfer of the sample onto the column
in the gas chromatograph.

4.5 Data Collection: The output of the chromatograph is
directed to a Hewlett Packard (HP-3396A) Networking Integrator
which passes the data to a personal computer for data processing
with Chrom Perfect software.

5.0 _Sample Preparation and Analvysis

5.1 Sample vial preparation: All sample vials should meet
specifications as noted in sections 4.1 and 4.2 above. Vials should
be tightly capped and evacuated to a pressure of less than 100
millitorr. The vial septum should be punctured only with needles of
22 gauge or smaller.

5.2 The evacuated sample vials should be filled with sample
or standard gas to a positive gauge pressure. Sample vials should
be used (filled with sample) within two weeks of preparation.

5.3 Place the 22 cc sample vials directly into the Tekmar
7050 carrousel and program the headspace autosample as described in
section 8.2.

5.4 The headspace sampling unit will preheat the wvial,
mechanically puncture the septum, transfer the sample to the heated
sample loop, then inject the sample into the column flow stream via
a heated transfer line.

6.0 Standards and Calibrations

6.1 Gas standards or liquid standards may by used to achieve
calibrations. In some situations it may be necessary to use both
types of standards. Certified commercial gas standards are most
desirable, but may not always be available for all the compounds or
for the concentration levels of the compounds of interest.

6.2 Commercial gas standards are introduced by filling an
evacuated 22ml headspace vial with standard gas. The gas standards
are placed in the vials and analyzed in the same manner as samples
(as described in section 5.0). The concentrations used are those
certified by the manufacturer.

6.3 Liquid standard solutions are injected directly into a
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capped vial and allowed to vaporize. These standards may be
produced from high purity compounds as described in Standard
Preparation Method SP3 or from commercially available blends in
methanol. The liquid standard solutions are placed in vials that
meet specifications described in sections 4.1 and 4.2. The vials
used must be capped and be at atmospheric pressure when the lquld
standard is injected. The standard vial is then analyzed in the
same manner as a sample vial as described in section 5.3.

6.4 At the beginning of a project or sample set, standards of
appropriate calibration ranges will be run at least two times or
until the results agree with a percent standard deviation no
greater than 10%.

6.5 Calibration tables should be set up using an external
standard method with the Chrom Perfect data system. It is
recommended that the calibration table for individual compounds
contain at least three standard concentration levels.

6.6 ‘During the course of analyzing samples at least one
standard should be run for every 10 samples.

6.7 The instrument response (for any one subsequent standard

in section 6.5 above) must not vary by more than 25% from the mean
of the initial calibration.

7.0 Quality Control

7.01 If the parameters set forth in section 6.6 are not met
the analytical program will be terminated until the cause is
determined and a solution is effected.

7.02 Before and during sample analysis, instrument blanks
(sample loops filled with flush nitrogen) should be analyzed to
assure the absence of interferences as described in section 3.0
above.

7.03 Before and during sample analysis, sample blanks
(evacuated vials filled with high purity nitrogen, and sample vials
from the field filled with ambient air) should be analyzed to

. assure the absence of interferences.

7.04 Prior to the analysis of a sample set, multiple
standards, at different concentration levels, should be analyzed to
establish an initial calibration table. During sample analysis,
standards should be run at a rate of 1 for each 10 samples.

7.05 Standards analyzed during the course of analyzing
samples are used to monitor individual compound calibration and
peak retention time stability. All chromatograms should be examined
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by an experienced analyst.

7.06 The soil gas sample vial is pressurized at the time of
sampling. This pressure preserves sample integrity since any
leakage is out of the vial and does not result in contamination or
sample dilution.

7.07 Throughout the analysis the headspace gas is injected
mechanically from a sample loop to achieve a uniform sample size.
The flow through the sample loop comes directly from the sample
vial which has been pressurized.

7.08 The headspace sampling unit contains a heated platen as
well as a heated sampling loop and transfer line. The latter two
zones are continually flushed with nitrogen between sample analyses
to minimize the chance of instrumental carry over. This nitrogen in
the sample loop is injected periodically to check for instrument
contamination.

7.09 Once the headspace vials are punctured in the headspace
unit, the sample loop is allowed to equilibrate to atmospheric
pressure just prior to injection. This insures that an accurate,
equal volume will be injected each time. Each vial is analyzed one
time only.

7.10 Calibration records are generated and stored in the
computer. All such records will be maintained in the laboratory
during the course of the project.
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8.0

Instrument Conditions

8.1 Gas Chromatograph:
Injection Temp. 220 deg. C.
Flame Ionization Detector Temp. 220 deg. C.
Electron Capture Detector Temp. 375 deg. C.
Oven Temp. Program:
Initial temp. 35 deg. C.
Hold 10 min.
Rate 4 deg. min. to 135 deg. C.
Hold .01 min.
Rate 6 deg. min. to 219 deg. C.
Hold 15 min.
Equilibration Time 1 min.
Initial E.C.D. Signal Range 5
Initial F.I.D. Signal Range 4
Carrier Flow Rates: (output of column split)
Head Space Sampler in 12 cc/min.
Make up gas to E.C.D. 76 cc/min.
Make up gas to F.I.D. 34 cc/min.
Total column 12 cc/min.
Hydrogen Pressure 22 psig.
Flame Air Pressure 30 psig.

8.2 Headspace Sampler:
Platen Temp. 75 deg. C.
Valve/Loop Temp. 110 deg. C.
Transfer Line 110 deg. C.
Sample Equilibration time 45 min.
Sampling interval 75 min (remote)
Valve Timing:
Pressurize 0.0 min.
Vent/£ill loop 0.25 min.
Loop equilibration 0.33 min.
Inject to G.C. 1.0 min.
Carrier Flow 12 cc/min.

MICROSEEPS
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APPENDIX C

Direct Push Investigation and EPA Comments
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TECHNICAL MEMORANDUM %

Date: November 6, 1995
To: KellieAnn Kacheck

From: Keith Anderson and Jeff Groen

Subject:  Summary and Recommendations for Further Characterization of
TCE Contamination at BG-04, Ellsworth AFB, South Dakota

Rust conducted a direct push (DP) investigation at site BG-04 during the period from June 2 to 8 and
September 19 to 28, 1995. The purpose of the investigation was to further characterize the extent
and magnitude of trichloroethylene (TCE) in the ground water in the vicinity of monitoring well
MW941148, where previous investigations had revealed a concentration of 23.0 ug/L.

The June investigation did not delineate the TCE contamination. Two memorandums, dated July
20 and August 30, 1995, were written and submitted to you, which summarized the results of the
June investigation. The purpose of this memorandum is to summarize the results of both the June
and September investigations as well as present recommendations for further work. Attached Figures
1 and 2 show the BG-04 study area, all attempted DP borings and depths, and ground water
analytical results. Table 1 shows mobile laboratory analytical results, DP boring depths, and fixed-
base QC laboratory analytical results.

SUMMARY OF FIELD INVESTIGATION

*  Sixty-three different locations were investigated via DP methods. The depth of the DP
borings ranged from 1 to 32.5 feet.

. Ground water samples were collected from 31 of the 63 locations. Thirty-two of the 63
locations did not produce water over a period of 1 to 2 days.

. Two water wells on private property were sampled, and two surface water samples were
collected from the private property pond.

. All ground water samples were analyzed on-site for trichloroethylene (TCE). Several samples
were also analyzed for total 1,2 dichloroethylene (DCE), vinyl chloride, and other volatile
organic compounds. :

. Analytical results from 13 DP locations indicated TCE concentrations over the South Dakota
Human Health Standard (HHS) of 5.0 ug/L. The highest mobile laboratory concentration
of TCE from the DP locations was 1067.9 ug/L (sample GP951 148-ELN220-25")
immediately north of water well ELN200 and south of the private property pond.
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. No significant concentrations of TCE were observed at the DP locations south of
MW941148, but the western, northern, and eastern reaches of the DP investigation
(GP951148WJ, GP951148N5, and GP95EXS380) were contaminated at levels of 117.1,
43.1, and 4.7 ug/L, respectively, based on mobile laboratory analytical results. All TCE
analytical results are shown on Table 1 and Figure 2.

K A water sample collected from monitoring well, MW941148 demonstrated a TCE
concentration of 20.0 ug/L, based on fixed-base analytical results.

J Water well, WW9SELN200, appears to be an out-of-use livestock/irrigation well, which Mr.
Ed Pain indicated was set at a depth of 20 to 25 feet. A water sample collected from a hand-
bailer demonstrated TCE concentrations of 113.9 ug/L by the mobile laboratory and 22 ug/L

by the fixed-base QC laboratory. The TCE concentrations did not correlate well between
laboratories. This well was not purged prior to sampling.

. Another approximately 3-foot diameter water well (WW95EXS380) was sampled with a
‘ hand-bailer. Mobile laboratory analysis of the sample demonstrated TCE concentrations of
356.8 ug/L; the fixed-base QC laboratory detected TCE concentrations of 17 ug/L.  This
well was not purged prior to sampling.

’ Two surface water samples were collected along the northwest and southeast edges of a
private property pond, located east of the base boundary. No detectable concentration of
TCE (< 0.2 ug/L) was reported by the mobile laboratory for either water sample.

Ground water flow is presumed to be toward the east-southeast, based on a ground water contour
map developed for the Final Corrective Action Plan, dated August, 1995.

The TCE contamination observed during the DP investigation does not appear to conform to the
TCE isopleth map prepared by EA Engineering during September, 1995, for the OU-11 RI report.
Moreover, the TCE contamination is relatively widespread (1750 feet separate the base’s monitoring
well and the northern-most DP location and 1750 feet separate the western-most and eastern-most
DP locations), with levels above the HHS on base property and east of the property line. Although
high TCE concentrations have been detected in both private property water wells, neither appears to
be currently used.

A N BN EE .. ..
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RECOMMENDATIONS

This investigation has revealed varying concentrations of TCE over a relatively large area of land.
No clear contaminant plume has been observed; instead, high concentrations are separated by much
lower concentrations or the absence of a water sample. The site’s geology may be responsible for
the significant TCE variations, and more TCE contamination exists in the study area than was
previously supposed.

At any given location, the ground water flow within the unconfined aquifer may vary. The flow
direction and gradient needs to be determined by actual ground water measurements and
determinations of the paleotopography of the underlying Pierre Shale surface. Paleotopographic
highs in the Pierre Shale will create “gaps” in mapping the concentration of TCE or reduce the
concentration, due to changes in the aquifer thickness and hydraulics. Consequently, we recommend
that the depth to shale bedrock be mapped along the north-south and east-west transects from
monitoring well MW941148. Such a shale profile would be completed via a shallow seismic
refraction survey. See the enclosed sheet for the method’s standard operating procedure and Figure
3 for a schematic of the seismic refraction operation.

The survey will be performed to determine the depth and elevation of the bedrock surface and identify
possible alluvium-filled channels in the bedrock surface that may provide preferential ground water
flow pathways. The seismic refraction survey will be conducted along two transects, consisting of
one 3,000 foot north-south transect and a 1,500 foot east-west transect. See Figure 2 for the
proposed transect locations. The survey will be conducted using a BISON single channel 1570C
seismograph. One seismic line includes ten soundings spanning approximately 100 feet. Three
additional points may be added per line depending on field data analysis. We propose to determine
the shale profile by completing one seismic line every 150 feet. The maximum depth of investigation
will be approximately 40 feet. The end points of the seismic lines will be staked and surveyed. Stakes
will also be surveyed along each line at 150 foot intervals in order to tie results of the seismic survey
to location in the field. In addition to determining the shale profile, stratigraphic characteristics of -
the alluvial material will also be evaluated. A total of 30 seismic lines are proposed along the two
transects. An additional 10 seismic lines will be completed at locations to be determined in the field.
These additional lines will allow for fence diagrams of the shale paleotopography beyond the two
transects. ‘

Only one soil boring log is available for the study area, SB9411120; this soil boring was converted
to monitoring well MW941148. The boring log is enclosed with this memorandum. After completing
the seismic survey, we recommend that six to eight soil borings be advanced in the shale’s
paleotopographic troughs to better characterize subsurface geology. Monitoring wells will be
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installed after completing the soil borings. These wells will be used to characterize the unconfined
aquifer in this vicinity and quantify the TCE contamination.

We also recommend an historical aeﬁa} photograph assessment of the area. Some photographs
will be enlarged to better determine recent activities on the base (housing development activities,

circa 1990), and possible refuse dumping east of the base property.

In brief, we recommend that the following:

Shale’s paleotopography be determined via shallow seismic refraction techniques

Better geological characterization of area via soil borings

Better ground water and TCE characterization via monitoring well sampling and analysis
Better assessment of on-base and off-base activities via aerial photograph interpretation

In addition, the northern and western extent of TCE contamination has not been determined. At
least two of the proposed monitoring wells will be located beyond the current study area in order
to better define the TCE extent in these directions.

T:JAG\BGO4MEMO.Y95
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Table 1

Identification of DP Location and Laboratory Results
BG-04 Investigation, Ellsworth AFB

November 1, 1998
Improper Improper Depth of DP Mobile Lab Results® Fixed-Base Results!

DP Identification DP Identification DP Identification EOB Date ) (/L)

Based on Figure 2 Geoprobe Team By Surveyors [(13] Collected TCE DCE TCE - DCE Vinyl Choride
iWala Well WWELN200O 9.21-95 1139 > 22 3.0 <1.0
[Water Well  WWEXS380) 9-24-95 356.8 - 17 - .
IMWo41148? 6-15-95 - - 20 10.0 <I0

Pond NW

Pond SE

GP951148 EB 25 9-21-95 1.9 - - - B
GP951148 ED 25 9-21-95 0.7 - - . -
GP951148 EF 20 9-21-95 1.6 - - - -
GP951148 EH 25 9-21-95 1.1 - - - .
GP951148 EJ 25 9-21-95 6.7 - - - .
GP951148 EL 25 9-24-95 02 . - - - .
GP951148  ELN200 6.5 A - - - .
GP951148  ELN220 21 9-28-95 10679 J - - - -
GP951148 EN 9/11* N - - - .
GP951148 EP 610 - - - - .
GP951148 ER 411 - - - - .
GP951148  ERN200 7 - - - . .
GP951148  ERN400 8 - - - - .
GP951148  ERS200 6.5 - - - . -
GP951148  ERS400 17 9-24-95 24 - 3.8 3.0 <1.0
GP951148  ERS600 25 9-24-95 <0.2 - - - .
GP951148  EXS380 | GP951148 EZ 14.5 9-24-95 47 - - - .
GP951148 4'E. of MW 25 6-08-95 21.5 <1.0 - . .
GP951148 NB GP951148 NA GP951148 NA 15 6-04-95 0.78 <L0 - - -
GP951148 ND GP951148 NB GP951148  NB 15 6-04-95 3.69 5.53 - - -
GP951148 NF GP951148 NC 15/12 - - - - .
GP951148 NG 18 - - - . N
GP951148 NH GP951148 ND 15/9 - - - - N
GP951148 NI 25 9-24-95 226.7 - - . -
GP951148 NJ 13 - - - - -
GP951148 NL 27 6-08-95 17.8 <i.0 - - -
GP951148 NN 15 - - - - .
GP951148 NO 20 9-24-95 2149 - - - -
GP951148 NQ 17, 6-08-95 223 <1.0 - - -
GP951148  NQE100 1 9-21.95 1.5 - 1.9 <3.0 <1.0
GP951148  NQE200 13 - - - v -
GP951148  NQE300 12714 - - - - .
GP951148  NQEA00 7113 - - . . -
GP951148  NQE700 12 - - - - -
GP951148  NQES00 30 9-24-95 5.7 - - - .
GP951148  NQES00 27 9-24-95 <0.2 - - - .
GP951148 NS 15 9-24-95 149.0 - . . -
GP951148 NU 229 - - - N .
GP951148  NUE20 1/1.5/15 9-28-95 46 - - - -
GP951148 NwW 12512 - - - . .
GP951148 NWE20 173/4 - - - - -
GP951148 NY 15/11 - - - . N
GP951148 N1 28 - - - - -
GP951148 NIE20 18 - - - . N
GP951148 N3 17 - - - - .
GP951148 NS 29 9-28-95 43.1 - - - -
GP951148 WB GP951148 WA GP951148 WA 18 6-04-95 448 <1.0 - - -
GP951148 WD GP951148 WB 22/28 6-06-95 -2.5 ~4<1.0 13 <10.0 <10
| GP951148 WF GP951148 wC 22/30 6-06-95" 2.5 -<1.0 - - -
GP951148 WH GP951148 WD 22/30 6-08-95 1.7 -<1.0 - - -
GP951148 wJ . 325 9-24-95 1171 - - - -
GP951148 SB GP951148 SA GP951148  SA 15 - - - .
GP951148 SC 11 - - - -
GP951148 SD GP951148 SB 16 - - - -
GP951148 SF GP951148 sC 21 6-04-95 0.1 <1.0 - - -
GP951148 SH GP951148 SD 26 6-04-95 0.17 1.35 - .. -
GP951148 SI 29 6-06-95 1.5 <1.0 1.2 <10.0 <10
GP951148 SM 28 - - - .
GP951148 e) 31.5 - - - - -
GP951148 SPE20 19 - . - N -
GP951148 SS 23 - - - - N
GP951148 ST 27 - - - - .
GP951148  SWE20 26 - - - - -
* DP borings and mobile laboratory snalyses by Giobel Environmental in Rapid City, SD  QC water sampl tyzed by Qu Laboratories in Arvada, CO.

? Water semple collected from wells via hand-bailing. (ALl other water !
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STANDARD OPERATING PROCEDURE FOR
SHALLOW SEISMIC REFRACTION SURVEY

Seismic refraction techniques are used to determine the thickness and depth of geologic layers based
upon the velocity or travel time of seismic wave propagation within the subsurface. Seismic
refraction methods can provide subsuri'ace information regarding: depth to a well-consolidated layer,
such as bedrock; dip of the bedrock surface or stratigraphic layer boundaries; and locatnon of faults
or irregularities on the bedrock surface.

In a seismic refraction survey, seismic waves, transmitted into the subsurface, travel at different
velocities in different types of soil and rock and are refracted (or bent) at the interfaces between the
soil and rock layers. Figure 1 demonstrates how refraction affects the path of travel. An array of
geophones on the surface measures the travel time of the seismic waves from the source to the
geophones. The time required for the wave to complete this path is measured, permitting a
determination to be made of the number of layers, the thicknesses of the layers and their depths, as
well as the seismic velocity of each layer. The wave velocity in each layer is directly related to its

material properties, such as density and hardness.

The survey is conducted by one person introducing the seismic signal and another person recording
the arrival time of the vibration on the seismograph. Seismic refraction data interpretation usually

involves both manual and computer analysis of seismic wave travel time graphs.
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- UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: REGION VI - : -
'999 18th STREET - SUITE 500
DENVER, COLORADO 80202-2466

Ref: 8EPR-FF . Novembér 30, 1995

Dell S. Peterson, PE

Installation Restoration Program Manager
28 SPTG/DEVR - ~

Ellsworth AFB, South Dakota 57706-5000

Subject: . Comments on the Technical Memorandum for BG-04, 6 November 1995. ~ '-

Dea} MI I?e;tqrson:

~ The general approach for future investigations at the BG-04 area is acceptable. Below
are several comments pertaining to the work to be performed as part of the future
investigations. Additional review and comment may be necessary when the specifics of the
investigations will be presented. ' .

. represent some of the minimum requirements for a remedial investigation. These will help
 jnsure that the scope of any removal action will address all the risk for the geographical area to
be remediated. If all the risk for a certain area is addressed during a removal action (i.e. '
off-Base near BG-04), a subsequent remedial action may not be necessary for that area if the
_removal action complies with the applicable and relevant and appropriate requirements of a
_remedial action. A Record of Decision for OU-11 would indicate that a removal action
. addressed all the associated risk for a certain area. . : :
1. During future ground-water sampling events, purge and sample the wells according to -~ -
the Basewide Field Sampling Plan. This would include purging three well volumes
from the ground-water wells prior to sampling, sampling the wells with low-flow
. <k 7% + pumps, and obtaining samples with a turbidity of five NTUs as the goal. . . =~

e - e —— " —
Rel rebuetd

2. the 31 ground-water samples taken, 29 contained TCE at' east above the detection
limit. At most of the 32 sample locations where ground water was not encountered
during the direct push, refusal occurred at a relatively shallow depth. This indicates

. that ground water may still exist at these locations. Review the refusal depths to
determine if ground water may exist at these locations when proposing future sampling

locaﬁops. ’

3. The sample from the northern-most area of the investigation contained TCE. Also, the
samples from locations in the eastern ‘portion of the investigation contained relatively

Even though this action is part of a reroval action investigation, the comments bclow l
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high levels of TCE. Future investigations in the areas of these sample points would be
necessary to determine the extent of the identified contamination.

T e
s tlanTers \ o

-4, 7 The gcﬁibmndum states wells will be installed to help determine the Ievels of ground-

' "?“ e Witer contamination. Ground-water wells will need to be installed in both high

2 "‘?i-’éonéiiiinatiOn areas and in low contamination areas. Some of the wells could be

% “installed during the design and construction phases of the removal action. Some of the

% Ia gro{iﬁd-wzitcr sampling objectives include: (1) acquiring representative ground-water v
2% Samples, (2) acquiring samples downgradient of the plume(s) determining any future

d (3) acquiring samples from various levels from within the

plume movements, an -
plume(s) to help determine the most practical cleanup method and to determine its

performance.

5. 1t is assumed that the extent of the ground-water remediation under the removal action
would be based on the extent of contamination with the MCL for TCE being the outer
limit of the cleanup. Because of this criteria, the data quality objectives and the field
and laboratory QA/QC procedures used in the remedial investigation would be
appropriate for this removal action. Since this is a removal action, these objectives and
procedures could be streamlined based on the scope and intent of the removal action.
The immediate concern is to accurately identify the outer limits of the contamination
.which would require remediation. Co

If you need. clarifications on any of the comments, please contact me at
(303) 312-6012. o .

- Sincerely,

PR

Peter Ismert
Remedial Project Manager

_cc: Ron Holm, SDDENR
Kellie Kachek, USACE
Kieth Anderson, RUST

I O O O O T o ol ol
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Seismic Refraction Survey
BGO4/TCE Investigation
_ Ellsworth AFB, South Dakota

1.0 INTRODUCTION AND PURPOSE -

Since June, 1995, Rust has conducted two direct push (DP) investigations at site BG-04 in the
northeast quadrant of Ellsworth Air Force Base, South Dakota. The purpose of the investigation -

- was to further characterize the extent and magnitude of contamination, primarily trichloroethylene
" (TCE), in the ground water in the vicinity of monitoring well MW941148, where previous

investigations had revealed a concentration of 23.0 ug/L. This monitoring well is located along the
base’s eastern boundary, and TCE contamination reportedly originates from the area west of the
study area. The DP investigations indicated that there was more TCE contamination in the study area
than was previously supposed (1750 feet separated the base’s monitoring well and the northern-most
DP location and 1750 feet separated the western-most and eastern-most DP locations). ‘

The TCE contamination observed during the DP investigation did not conform to the TCE isopleth
map prepared by EA Engineering during September, 1995, for the OU-11 RI report. The DP
investigations revealed varying concentrations of TCE over a relatively large area ofland . No clear’
contaminant plume was observed; instead, high concentrations were separated by much lower

" concentrations or the absence of a water sample. The site’s geology, particularly the bedrock

topography, was suspected as controlling the TCE variations.

At any given location, the ground water flow within the unconfined aquifer may vary. The flow
direction and gradient must be determined by actual ground water measurements and determinations
of the paleotopography of the underlying Pierre Shale surface. Paleotopographic highs in the Pierre
Shale may have created “gaps” in mapping the concentration of TCE or reduced the concentration,
due to changes in the aquifer thickness and hydraulics. Consequently, a shallow seismic refraction
survey was completed to “map” the depth to shale bedrock along north-south and east-west transects
from monitoring well MW941148; the bedrock surface is presented in both a cross-sectional and
contoured format. This technical memorandum presents the results of the seismic refraction
survey.

. . J
The results will be utilized in subsequent investigation activities regarding the impact of the bed?ock
surface on ground water and TCE contaminant movement. The results of the investigation will also
be evaluated in relation to the stratigraphic and hydrogeologic characterization of the site and to
optimize the locations of future borings and monitoring wells.

Ellsworth AFB is located approximately 12 miles east of Rapid City, South Dakota. The study area
for the geophysical investigation is located on an approximate 150 acre site and is situated on rolling .
terrain comprised primarily of short grasses and open land use (see Figure 1). The extent of the study
area is shown in Figure 2. The locations of seismic soundings and other data point information used
in the investigation are also shown. The evaluation of the seismic is based on information acquired
from the geophysical investigation conducted on December 12-16,1995. '

s
- .
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Seismic Refraction Survey
BG04/TCE Investigation
Ellsworth AFB, South Dakota

2.0 . SEISMIC REFRACTION SURVEY TECHNIQUE

Seismic refraction exploration is a method of measuring time, distance, and the velocity of seismic
waves transmitted and refracted through geologic formations of varying density. o

The acquisition of seismic data includes three fundamental components:

1. An acoustic source;
2. - Geophone(s) [i.e. acoustic receiver(s)]; and
3. A seismograph to record the data.

The acoustic source used in this survey was a ten-pound sledge hammer with an electric impact
switch. A Bison Model 1570C single channel seismograph was utilized to record the seismic data.
Impacts from the hammer were made onto a metal plate and time intervals electronically measured
at increasing distances from the geophone, in 10-foot offset increments. By increasing offset
distances, the depth of investigation is increased.

The primary function of the seismograph is to measure the time required for a seismic wave to move
from its energy source (hammered plate) through the geologic units (lithology) to the geophone, and
in turn display the time interval on the seismograph. Initially, the direct seismic waves from the closer
hammer stations will arrive first. As the hammer stations (offsets) move away from the geophone,
refracted waves moving through deeper and denser layers will begin arriving before the direct waves.
With increasing offset distances, the depth of investigation increases and time intervals of seismic
motion through layers of varying density will also change. The time intervals are plotted with each
corresponding offset distance.

The plotted data provide trends depicting time and distance relationships associated with the
underlying lithology, which is representative of single or multi-layered subsurface conditions. These
data trends usually result in straight-line segments with a slope that can be used to determine the
velocity associated with the underlying formations. o

Inflection points resulting from a change in slope of the line segments (in multi-layered conditions)
can then be used to calculate the depth where the change to a higher velocity (denser) material
occurred. Occasionally, density variations within a single layer or surface variation along its contact
can decrease or increase a refracted wave resulting in some scattering of plotted data. With scattered
data points indicating an overall linear trend, a velocity of the layer can then be modeled for a best
fit analysis and provide the layer’s representative velocity. :

W:\55203\REPORTS\ELLSSEIS.SDP 2] : January 1996



f\

Seismic Refraction Survey
BGO4/TCE Investigation
Ellsworth AFB, South Dakota

3.0 ' SEISMIC REFRACTION SURVEY PROCEDURES

_The seismic refraction survey consisted of two seismic lines extending across the site in a south-north

and west-east direction as indicated in Figure 2. The south-north seismic line was comprised of 22
seismic soundings, designated SS1 through SS20 and SS33-SS34. Each sounding array was 100 feet

"in length and spaced 50 feet apart, providing a nearly continuous profile of the subsurface. Four

soundings were conducted with 120 foot arrays in areas where a greater depth of investigation
appeared warranted.

The west-east cross-section was comprised of ten soundings, designated SS21 through SS30. The
sounding arrays for this seismic line were 100 feet in length and spaced 50 feet apart. The first

_sounding (SS21) was omitted from the data base as a result of an inversion layer (dense layer

overlying less dense layer) preventing model development. Historical aerial photographs of the area
indicate a former construction road went through this location. The remnants of the roadbed, near
the surface, are likely the cause of the inversion.

Eight additional sounding, designated SS31-SS32 and SS35-SS38, were located away from the
seismic lines as shown in Figure 2. These soundings provided vicinity background depth to bedrock
data. Seismic data from these soundings were also used in the development of a site-wide bedrock
surface contour map. The location and orientation of each seismic sounding completed in the survey,
are also provided in Figure 2.

~ In order to determine if underlying strata was horizontal or dipping, a reverse profile (sounding array)

was conducted at each sounding location. The seismic data from the reverse profile also acted as a
confirmation of seismic data acquired in the original profile.

_Dafa obtained from each seismic sounding was entered into a computer database and evaluated with -

a program entitled “GeoLogic REFRACT, version 3". This program provides interactive
interpretation of first arrival refracted seismic waveforms as identified by the seismograph and
recorded in the field. Seismic data and results were also field evaluated and compared with existing
geologic information (e.g. soil boring logs and direct push data).

Soil boring and direct push boring data were also available within the study area and were used as
a comparison to the results of the seismic survey. Soil boring data consisted of one boring completed
at the intersection of the two seismic lines. Direct push data (inferred bedrock depth due to
penetration refusal) was available at 20 locations within the central portion of the site, as shown in
Figure 2. The depth to bedrock was also inferred from the available direct push data where the
boring encountered refusal. Those penetration refusal depths were used for 20 locations within the

" central portion of the site, as shown in Figure 2. Penetration refusal depths for the remaining 43

direct-push borings (located along the S-N and W-E seismic transects) -were used for geologic and
depth to bedrock information and compared to seismic sounding data during the field investigation.

. The comparison of data provided a control measure regarding confirmation of the depth to bedrock

as determined from the seismic soundings. Lithologic or density characteristics of underlying strata
and their associated velocities were also identified.

W:\55203\REPORTS\ELLSSEIS.SDP - 3-1 January 1996
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- Seismic Refraction Survey
BGO4/TCE Investigation
Ellsworth AFB, South Dakota

4.0 SEISMIC REFRACTION SURVEY ANALYSIS AND RESULTS

Results of the seismic sounding survey provided depth to bedrock data and information on

 stratigraphic characteristics of the overlying unconsolidated soils within the study area. Seismic data

interpretation indicates a bedrock surface with varied vertical relief consisting of low-lying buried
channels along both the south-north and west-east cross-sections, as shown in Figure 3.
Unconsolidated soils overlying the bedrock were characterized based on seismic velocity and soil

boring data.

A summary of seismic data obtained in the survey, including velocities of each identified layer and

- bedrock elevation data, are provided in Tables 1 and 2. Table 1 summarizes seismic data from the

south-north seismic line. Table 2 summarizes data from the west-east seismic line and outlying
soundings. Copies of the plotted seismic data (sounding models) used for determining velocities and
depth to bedrock are provided in Appendix A.

Soufh-North Seismic Line:

Eight of the 22 seismic sounding models in the south-north seismic line indicated a three-layer
stratigraphic sequence. Twelve soundings exhibited a two-layer stratigraphic sequence. Soundings
with three layers tended to be at locations within the valley area associated with an unnamed creek,
whereas soundings with two layers were most often located in more upland areas. The velocity

. variations between layers were in response to the differences in density and lithologic characteristics

of each layer.

An evaluation of the data in Table 1 indicates the velocities (V,) of the first layer ranged from 1002
to 1978 feet per second (fps). Generally, the first layer velocity of 1324 fps suggests loosely
compacted soils. This velocity correlates well with the boring log for Monitoring Well 941148 (at
SS8), which describes silts and sandy clays overlying a sand and gravel layer and is shown in
Appendix B. The indicated range in velocities within the ﬁrst layer are attributed to the vaned
composition of silt, clay and sandy clay.

The second layer; at soundings with a three-layer sequence, is associated with more dense deposits.
These deposits, based on available soil boring data, are inferred to consist of coarse sands or gravels.
Residual weathered bedrock material is also suspected to contribute to the higher velocities of this
layer at some locations. Velocities (V,) of the second layer, at three-layer soundings, were found to
range from 1460 fps to 3259 fps. The range in values suggests a significant variation of the second
layer's density along the seismic line, indicating layers may vary from alluvial materials to highly
weathered shale bedrock overlying the more consolidated bedrock surface.

The third layer, at soundings with a three-layer sequence and the second layer at soundings with a
two-layer sequence, is identified as shale bedrock of the Pierre Formation. Velocities associated with
this formation ranged from 4590 fps to 8314 fps, with an average velocity of 6185 fps. The variation
of velocity reflects a varied density of the bedrock surface. This density variation correlates with
regional data that describes the competency of the Pierre Shale as variable. It is suspected that a
more dense shale bedrock surface was encountered at soundings with higher velocities and relatively

mwzmwoxmmszs.spp 4-1 January 1996
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Seismic Refraction Survey
BGO4/TCE Investigation
Ellsworth AFB, South Dakota

lower velocities at soundings where a less dense (slightly weathered) shale was encountered.

A geologic cross-section illustrating stratigraphic conditions along the south-north seismic line is
provided in Figure 3. The bedrock is shown with a variable surface comprised of peaks and channels
with a vertical relief of approximately 10 to 15 feet. The thickness of the overlying soils varies from
five to 29 feet, with thicker soil deposits occurring within the channels and relatively thin soil layers
overlying bedrock highs. Overlying soils in the areas to the north and south of the creek va]]ey tend

to be at a more consistent thxckness of approximately 20 to 25 feet.

The cross-section also shows average seismic velocities for the varied soil types and the shale
‘bedrock. The averages are based on velocity trends observed at each seismic sounding. First layer
soil velocities tend to be less than 1500 fps, which suggests that the surficial soils are similar to the
silts and sandy clays identified at the boring for Monitoring Well 941148 and at the adjacent sounding

SS8.The higher velocity soils are suspected of having a higher sandy clay content. . '

At locations where a three-layer sequence was identified, the second layer soils appear to be more
dense with average velocities of between 1719 and 3157 fps. These layers are inferred to be
comprised of sands and gravels associated with alluvium and/or highly weathered shale bedrock.

These higher velocity soils are also located near the unnamed creek valley where the exxstence of
coarser alluvial material could be expected. :

Seismic data alohg the south-north seismic line was also compared with soil and direct puéh depth
data from the locations shown in Figure 2. Depth to bedrock information obtained from soil boring
and direct push data are indicated in Figure 2 and summarized in Appendix B.

Depth to bedrock information as determined from direct push data is also shown in Figure 3. The

bedrock surface is less detailed than that determined by seismic data; however, the general trend of
lows and highs of the bedrock surface was found to correlate well with the seismic results. In
addition, higher TCE concentrations from the direct push data (Figure 2) were found to occur in

~ bedrock lows (channels). This condition is most evident in the central portion of the cross-section

where relatively high TCE concentrations occur within saturated bedrock channels between seismic
soundings SS8 and SS14. Direct push data at locations with relatively high bedrock surfaces did not
encounter ground water, inferring the bedrock highs isolate saturated zones and the contaminants
found within the ground water. Significant bedrock highs which appear to have this effect are at
soundings SS10, SS15, and SS19. Lower level TCE concentrations are also found within the
bedrock lows between SS4 and SS6.

West-East Seismic Line:

- Seismic velocities along the west-east seismic line varied somewhat from the conditions identified

along the south-north seismic ling; however, the overall stratigraphic conditions are similar. Three
of the nine seismic sounding models along the west-east line indicated a three-layer sequence and a
two-layer sequence was identified at the remaining six soundings.
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An evaluation of the data in Table 2 indicates velocities (V,) of the first layer ranged from 1457 to
2234 fps, with an average velocity of 1883 fps. The slightly higher average velocity of the first layer
along this line infer the surficial soils are more dense than soils along the south-north seismic line.

..., Jt is uncertain if the velocity changes are a result of more compacted soils and/or a change in soil

" . type.

" The second layer at soundings with a three-layer sequence is associated with more dense deposits.

These deposits were again inferred to consist of coarse sands, gravels, and/or highly weathered shale
bedrock. Velocities (V,) of the second layer, at three-layer soundings, were found to range from
2109 to 3859 fps. In comparison to the south-north seismic line, the second layer soil type appears

" to be more consistent.

. Velodti& of the underlying shale bedrock, at all nine soundings, ranged from 4422 to 8312 fps. The

varied competency of the bedrock is again indicated. Dense shale is associated with higher velocities
and more weathered shale with lower velocities.

The geologic cross-section shown in Figure 3, reflects the regional southeasterly slope of the bedrock
surface. The bedrock surface is comprised of peaks and channels with a vertical variation of
approximately 10 feet. Soils that overlie the bedrock vary from seven to 27 feet in thickness. At
sounding SS28, a notably deeper bedrock channel is indicated. The location of this channel correlates
with the topographic low of the unnamed creek valley centerline.

As in the south-north cross-section, average seismic velocity trends of subsurface materials are
indicated. The average velocities of most surficial soils were less than 1775 fps. The average velocity
of the layer in contact with the bedrock surface was relatively higher at 2540 fps. These soils are
suspected to be similar to the higher velocity soils in contact with the bedrock within the central
portion of the south-north cross-section (i.e. sands and\or highly weathered shale). ’

The general trend of the bedrock surface, as determined by direct push data, is also shown in
Figure 3. The surface shown is less detailed than that determined by seismic data; however, the
overall trend of the bedrock surface correlates well. Water quality information from the direct push
data, also indicated the effects of the variable bedrock surface. As in the south-north cross-section,
high TCE concentrations have been identified in ground water within bedrock lows. The bedrock
high between soundings SS26 and SS27 also appears to separate contaminated ground water in the
west portion of the cross-section from the deeper channel identified At sounding SS28.

Bedrock Contour Map/Surface Plot:

Results of the seismic data evaluation along both seismic lines was found to correlate with depth to
bedrock data obtained from the previous direct push investigation. Using both sets of data, as well
as the outlying seismic sounding data, a site-wide contour map of the bedrock surface was developed.
The contour map and a corresponding bedrock surface plot describing the configuration of the
bedrock surface for the entire study area are provided in Figure 4. ( Note that the depth to bedrock
data is concentrated primarily along the south-north and west-east transects, resulting in broader
interpolation of the bedrock data within the southeastern and northeastern portion of the site.)

- W:\55203\REPORTS\ELLSSEIS.SDP 4-3 January 1996
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Seismic Refraction Survey
BGO4/TCE Investigation
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" The bedrock surface illustrated in Figure 4 is a reflection of the surface topography also shown on
" TFigure 4. Most notable are the bedrock highs in the southwestern and northeastern portions of the

site and the general southeastern slope of the bedrock. The seismic and direct push data, however,

o do&s prov:de addmonal det:ul of features within the 1dent1ﬂed bedrock surface trend

- The contour map prowd&s a plan view of the bedrock surface where bedrock channels identified in
" the cross-sections appear to extend across the site. Past erosional processes have likely incised the
~ shale forming a sinuous channel network that descends .in a south-easterly direction. Bedrock

channels divert around relative small bedrock highs centered at coordinates 133,300N/1,164,000E;
134,300N/ 1,164,0QOE; 134,000N/1,164,300E; 135,600N/ 1, 164100E; and 134,100N/1,164,700E.

These bedrock channels appear to affect shallow grouhd water and contaminant flow direction. The

_ channel network appears to correlate well with relatively high TCE concentrations identified at direct

push and existing well locations shown in Figure 2. Examples include TCE concentrations of up to
226.7 ppb (near SS11) and 356.8 ppb (at water well WWEXS380). The two data point locations are
approximately 1500 feet apart in a southeast-northwest direction, yet lower concentrations are found
at other interim data point locations. It is suspected that TCE contamination concentrates within the
meandering channels, resulting in the apparent scattering of water quality impacts.

An illustration of all suspected preferred ground water flow paths, as determined from the seismic
investigation, is presented in the bedrock surface plot in Figure 4. This plot provides a three-
dimensional view of the bedrock surface with reference to surface features such as the housing area

- within the southwestern portion of the site and wells. Again, the general southeasterly ground water

flow direction is indicated; however, the localized effects the bedrock channels on flow is also
inferred. These preferred flow paths (within bedrock channels) are suspected to have the highest

- TCE concentrations which are reported to originate from the area west of the site.
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50 SUMMARY AND CONCLUSIONS

Based on the results of seismic refraction survey, the depth to bedrock and the configuration of the
bedrock surface along both the south-north and west-east seismic lines were identified. Seismic data
and existing depth to bedrock information (i.e. soil and direct push borings) were also used in the
development of a site-wide evaluation of the configuration of the bedrock surface. Lithologic
characteristics of the soils overlying the bedrock surface were also identified. The following text
summarizes the geologic characteristics of the site, as determined from this investigation:

| 2

The investigation has identified a bedrock surface configuration that is comprised of higher
elevations within the southwestern and northern portions of the study area. The configuration
of the bedrock surface also appears to generally reflect the topographic relief at the site,

“where the lower surface elevations are defined by the southeasterly flowing unnamed creek.

The bedrock is comprised of shales associated with the Pierre Formation. Lower elevations
of the bedrock surface trend downward in a southeasterly direction through the central
portion of the site. The bedrock within this area also appears to consist of meandering
channels incised into the shale. Vertical variation between the channels and bedrock highs,

generally ranged from 10 to 15 feet.

The soils overlying the bedrock were identified as consisting of silts, clays and sandy clays;
however, a second underlying layer sand and/or gravel content is inferred to occur primarily
within the low areas defined by the creek. This second soil layer may also contain highly
weathered shales (residual soil) derived from the bedrock. The total thickness of the soils
overlying bedrock were found to range from five to 28 feet.

Based on available water quality data (from direct push borings), the spatial distribution of

- TCE contamination across the site appears to be influenced by the location of buried bedrock

channels. Seismic data indicate that these channels may contain relatively permeable.soils
which, as illustrated in Figure 4, appear to provide preferred ground water flow paths and
potential routes for contaminant (TCE) migration across the site.
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6.0 RECOMMENDATIONS

A~ Yy :
¥

The seismic refraction survey, direct push, and water quality data indicate that the bedrock surface
is variable with meandering channels incised into the Pierre Shale. The preferred ground water flow
paths and contaminant (TCE) migration appears to follow the existing shale channels in a

* southeasterly direction. Previous investigations have included soil borings and ground water data
from one monitoring well (SB9411120 converted to MW941148). Ten additional soil borings and-
monitoring wells are recommended to characterize the lithology within the bedrock channels as well
as determine the magnitude and extent of TCE contamination within the study area. The locations
of these proposed monitoring wells are shown on Flgure 4.

T

Corr&epondence from the USEPA (11-30-95) states that “ground water wells wxll need to be installed

in both high contamination areas and in low contamination areas.... Also, the samples from locations
in the eastern portion of the investigation contained rela'avely high levels of TCE. Future
investigations in the areas of these sample points would be necessary to determine the extent of the
identified contamination.” The letter further states that “the immediate concern is to accurately
identify the outer limits of the TCE contamination (above the MCL of 5 12g/L) which would require
remediations,” see Appendix C for a copy of the letter.

The magnitude and extent of TCE contamination has exceeded previous expectations. Seven of the
proposed soil borings/monitoring wells are located in existing bedrock channels within the study area,
but three additional soil borings/monitoring wells are proposed southeast of the study area. These
three additional wells will be installed downgradient of the known extent of TCE contamination
(356.8 ug/L TCE in WWEXS380) in an attempt to identify the outer limits of the contamination.
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Seismic Refraction Survey
BGO04/TCE Investigation
Ellsworth AFB, South Dakota
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% DIRECT PUSH DEPTH TO
g BEDROCK SUMMARY'
-:‘ : Approx.
s DP Surface Depth Bedrock
-'_ ‘Point Elev. (Ft-NGVD) Bedrock (ft) Elev/ (ft-NGVD)
= 1 . - 3198 11 3187
' ' 2 3196 13 3183
'-' 3 3198 12 3186
4 3198 13 3185
S 5 3201 12 3189
- 6 3202 30 3172
= 7 3203 27 3176
- 8 3191 g 3183
ﬂ 9 3188 7 3181
10 3188 6.5 3181.5
- 11 3189 17 3172
- 12 3191 25 3166
13 3179 14.5 3164.5
: 14 3195 21 3174
! 15 3195 6.5 3188.5
' 16 3218 18 3200
= 17 3221 28 . 3193
- 18 3223 30 3193
19 3224 30 3194
- 20 3228 32,5 3196.5
B ! DP Data from locations other than along seismic lines. -
i Note: Depth to Bedrock assumed At refusal.
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